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WARNING!

The following is a working document that constitutes the recommendations of the Geologic Map Data
Model Working Group. The working group was formed as a cooperative effort by the Association of American
State Geologists (AASG) and the U.S. Geological Survey (USGS), to support the needs of the National
Geologic Map Database Project. This report has not been reviewed or approved by either the AASG or USGS.
Updated releases of this report will be placed on the Web (http://ncgmp.usgs.gov/ngmdbproject/) as the report
evolves as part of an informal review process. Please forward all comments and suggestions to Gary Raines
(address below). To discuss this report or ask detailed questions, contact one of the falawmdR.
Johnson U.S. Geological Survey, 954 National Center, Reston, Virginia 20192, USA, telephone: 703-648-
6051, fax: 703-648-6383, email: bjohnson@usgs.8oyan Brodaric, Geological Survey of Canada, 615
Booth St., room 234B, Ottawa, Ontario K1A OE9, Canada, telephone: 613/992-3562 fax: 613/995-9273 email:
brodaric@gsc.nrcan.gc.ca; @ary Raines U.S. Geological Survey, c/o Mackay School of Mines MS 176,
University of Nevada Reno, Reno, Nevada 89557, USA, telephone: 702-784-5596, fax: 702-784-5079, email:
graines@usgs.gov. Please label all comments with the version and date of the manuscript.

This data model does not address the format or content of the metadata. Metadata files, of course,
eventually need to be associated with the files described here.
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fashion similar to compilers of geologic maps. We wish to acknowledge that many people have contributed. We
have attempted to organize and compile our understanding of these diverse thoughts to define the grammar and
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generates nothing more than discussion of what is a digital geologic map, then we will have succeeded.



Geologic Map Data Model 5/19/98
Chapter 1: Version 4.2

CHAPTER 1: Introduction and Purpose

Contents
CHAPTER 1: INtroducCtion @nd PUIPOSE ......ceiiiiiiiiae ettt e e eeeeeeeeeaea e i)
([ a1 o To 10T {0 o AT PRSP
OVBIVIBW ...ttt ettt ettt et e e e e e e e e e e e e e e e e e s e e e nbanbbstaesseeeeeeeaaeas
P U DO S ..ottt e e e et et e et et b b ab e e e e
Design Objectives

Figures
Figure 1-1: Diagram showing the three classes of objects in the geologic map data model............cccccccoeeeee. 5
Figure 1-2: Diagrammatic representation of the scope of the data model. ..., 7

Introduction

What is a digital geologic map? A digital geologic map is any geologic map whose geographic
details and explanatory data are recorded in a digital format that is readable by computer. What is a
geologic map? In the context of this report, a geologic map is a representation of selected geologic objects
located in space and time and symbolized and described for some specific purpose. The geologic objects to
be represented on the map may be selected either by some set of geologic attributes or by geographic
extent; usually both types of criteria are used.

A more formal definition of a geologic map is diagrammed in Figure 1-1. Each circle represents a
class of objects and a portion of the model. Spatial objects are the digital representations of real-world
geologic features that have been observed and mapped. They are typically represented as polygons, lines or
points on maps. Descriptive Data represents the archive of characteristics, or attributes, of Spatial Objects.
For purposes of data modeling, these characteristics are either singular, relating to a single spatial object
such as a structural measurement or an observation, or compound, relating to multiple or compound spatial
objects such as a formation or a regional fault. Legends are the tools that are used to extract the appropriate
spatial objects from the archives and to symbolize and describe those objects for a particular map. Legends
include information about the extent and scale of the map, the classification scheme to be used, and the
symbolization of geologic objects to be presented on the map. Maps are then the intersection of spatial
objects, the associated descriptions of the spatial objects, and the selection, classification, and
symbolization of the selected objects for the purposes of the map. The intersection of the Legend with the
Descriptive Data represents the data selection and classification operation. The intersection of the Legend
with the Spatial Objects represents the spatial selection and classification operation. The intersection of
Spatial Objects with Descriptive Data represents the singular objects.
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Figure 1-1: Diagram showing the three classes of objects in the geologic map data model. Each circle
represents a class of objects and a portion of the model.

There are several different types of computer programs that can read and manipulate digital
geologic maps. The most common types fall into three categories: Geographic Information Systems (GIS),
Computer-Aided Drafting systems (CAD), and special purpose, geologic mapping programs.

There are also two fundamentally different conceptual uses for digital geologic maps, cartography
and analysis. Cartographers are generally concerned with using the digital representation of the geologic
map to produce one or more published geologic maps, usually on paper. Analysts are generally concerned
with using the digital representation of the geologic map to combine with other data in a computer in order
to solve some problem. Although, there are differences of opinion among cartographers about whether
digital methods are faster or more efficient for the initial production of geologic maps, nearly all agree that
digital maps are much faster and more efficient to update. Furthermore, digital geologic maps are much
more likely to be re-used for purposes beyond their original goals. Digital maps can easily be re-drawn at a
different scale or projection than the original and features on the maps can be easily added, deleted, or
modified. Thus, the original map, that is the digital data, does not become obsolete just because of changing
needs or purposes. Both cartographic and analytical aspects are involved in the production and utilization
of geologic maps: e.g. both analysts and cartographers must symbolize maps for presentation, though
analysts tend to precede presentation with various computations. Therefore the perspective taken in this
paper is that cartographic uses can be thought of as a subset of analytical uses.

Overview

This report is composed for five chapters and one appendix: Introduction and Purpose, The
Relational Model, Implementation Considerations, Background (not available 5/19/98), The Object Model
(not available 5/19/98), and the appendix: Suggested future extensions and additional attributes. This report
is intended for an audience with a wide diversity of GIS, database management, and geologic expertise.
Consequently, the individual sections are not intended to be read sequentially and some redundancy is
introduced to meet the needs of different readers. Readers may want to focus on the sections relevant to
their interests and expertise. This first chapter of the report gives an overview of why a geologic map data
model is needed for creation, exchange and spatial analysis and how we believe the design should be
approached. In the second chapter, we then define a relational database model, which can be implemented
on a modern GIS, and discuss some of the tools that will be necessary for a successful implementation of
the relational model. The next chapter discusses some issues for implementing and evolving the relational
database model. Chapters four and five (not available 5/19/98) present a discussion of background concepts
in the design of a data model and present an object-oriented model, respectively. The object-oriented model
cannot be implemented on any current GIS, but is clearly the direction that modern GIS and database
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systems are evolving. The appendix tabulates suggestions for future extensions of the model and suggests
how these extensions could be added.

Purpose

The purpose of a data model for digital geologic maps is to provide a structure for the
organization, storage, and use of geologic map data in a computer. The data model defines formally the
grammar of the geologic maps. This grammar is independent of the vocabulary of geologic maps. To be
truly powerful it is necessary to address both the grammar and the vocabulary. The primary objective of this
effort is to develop a digital data model (formal grammar) for geologic map information. A secondary
objective is to develop as much of the vocabulary as possible, in the time available and as examples of the
vocabulary that might be used. This vocabulary also helps communicate a better understanding of the
model.

The data model is presented in two forms: an entity-relation model for relational databases, and an
object model that is more conceptual in nature and future oriented. Both approaches attempt to be
independent of any specific software/hardware configuration. Because technology is rapidly evolving, we
are attempting to be forward looking in developing a conceptual data model using Object-Oriented notation.
Some aspects of this conceptual model cannot be easily implemented in common relational database based
GIS software. The entity-relation model is a translation of the more general conceptual model into a general
relational database format that can be more easily implemented in current database software. The relational
model is the stepping off point for implementing the data model in a GIS such as Arc/Info or Arcview. We
intend to implement this model in Arc/Info and ArcView 3/Microsoft Access. The majority of the state
geological surveys and the USGS National Cooperative Geologic Mapping Program plan to use the model
in Arc/Info. Therefore, we feel it is incumbent upon us to implement the model in this GIS and to develop
some first generation tools in Arc/Info to facilitate data entry, display, and use of geologic maps in this GIS.
We will first present the relational model as the more specific and more familiar form. Then the conceptual
model that provides the most general foundation of the data model will be presented.

Design Objectives

The following design criteria have been identified to guide the development of the data model:

e The data model should be easy to implement and place minimal requirements on the person or
organization creating a digital geologic map.

e There should be a set of minimal, or core (Figure 1-2), requirements that are necessary for all geologic
maps. The core requirements are indicated in the model as required tables.

e There are many common types of objects that do not occur on all maps, such as structural symbols, that
need to be considered. These are addressed as defined extensions (Figure 1-2) to the core requirements.

e The data model should be easily extended to include new features, preferably as additional tables that
attach additional types of information to the digital model. Examples might include amplification of the
legend, engineering properties, etc. The opportunities for future extensions (Figure 1-2) will evolve
with time and definition of new uses. The objective of extensions is to enhance the information and
maintain a connection with the ultimate source of the geologic data.

e Mechanisms are needed within the model to document the source of each individual geologic object.
The source would include the full bibliographic reference for the object.

e The data model does not fully define standard vocabulary but provides the capability to incorporate
vocabulary standards. The words used in most data fields can be selected from a defined list of terms so
that the resulting digital maps can be used efficiently for computer analysis. The words in these lists are
by definition broad terms. Specific finer subdivision of terminology can be inserted in open fields or
can be added as extension as discussed above. We are attempting to add more structure to the
communication of information to minimize ambiguity.

e The model should avoid explicit use of code dictionaries for translation of geologic vocabulary. The
use of codes where needed, however, can be facilitated through software tools.

¢ Geologic maps have, as a fundamental characteristic, attributes of geologic objects that are interrelated.
Thus a fault may separate two polygons and continue internally into a third polygon. Spatial attributes
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of such lines need to be stored with the polygon data in order to do structural analyses, for example, to
select individual polygons on the upper plate of a thrust.

¢ A mechanism for identifying individual geologic occurrences should be included. This mechanism
provides for uses such as outcrop mapping, describing the lithology of a specific polygon within a
larger map unit, or a specific segment of a fault.

Future Extensions Core .
e Unit, Linear Feature and Site

attributes
e Map Legend
e Symbolization

Defined Extensions
Defined Extensions

e  Structural measurements, such as
strike and dip.

¢ Individual polygon and line
attributes

e Overlay polygons

e Other lines

Future Extensions

o Cross sections

e Engineering properties

¢ Relation of topographic base for
such things as 3-point problems.

e Field data

Figure 1-2: Diagrammatic representation of the scope of the data model. The Core is the required minimum that

is common to all geologic maps. The Defined Extensions are things that are common to many maps and are used
as needed. Future Extensions include things that are complex or unusual, but have to be considered so the model
can be extended. These Future Extensions may then become part of the Core or Defined Extensions.
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Geologic Maps

Geologic maps can be extremely complex with many different types of information displayed. Most
geologic maps include a background of polygonal areas, which represent geologic units or materials that cover the
geologic units such as water, ice, etc. The lines which separate the polygons also have significance where they
represent differing types of geological boundaries such as contacts. Overlaying this background, there are usually
numerous linear features such as faults, folds, dikes, veins, etc. and several different types of point features such a
structural symbols and sample location symbols.

Additional complexity is introduced by the lack of universal standards for the symbolization of geologic
maps. Although some general colors are often used for the same general types of rock units, there is no standard in
common use for assigning a particular rock unit the same color or pattern on all maps. The same is true to a lesser
degree for line patterns and point symbols. Although there are standard patterns for the common types of faults, a
pattern that represents a dike on one map may be used to represent an unusual type of fault or a vein on an adjacent
map. On two-dimensional geologic maps, geologic features can be geometrically represented as points, lines, or
polygons. It is these features, in all of their complexity, that must be included in a digital geologic map data model.

Digital Geologic Map Consistency

Consistency from one map to the next is not a primary concern when users are focused on local problems or
when using digital geologic maps only for cartographic purposes. It's certainly better if adjacent maps use similar
styles to depict similar features, but users are adept at compensating for differing map styles across map boundaries.
As geologic maps are used for larger, regional studies, consistency of data representation becomes more important.
Often it's much easier to accomplish regional modeling or synthesis programs if the geologic maps are in a digital
format. When combining digital geologic maps to create regional data sets, there are three levels of consistency that
must be considered.

The first level is the consistency of the original mapping. Were the maps to be combined created for the
same purpose? Do they use the same (or at least similar) units? Many kinds of geologic inconsistencies can be
ignored. For example, one map may show all Tertiary volcanic rocks as a single unit while the adjacent map splits
the Tertiary volcanic rocks into several units. As long as the two maps are in reasonable agreement on what
constitutes a Tertiary volcanic rock, the maps can be successfully combined. There would certainly be more detail on
one portion of the combined map than on the rest, but if that level of detail would not be important to subsequent
users, the combined map would be entirely satisfactory.

If, however, the two adjacent maps had been originally created for different purposes, the combination
becomes more difficult and less useful. As an extreme example, suppose one of the two adjacent maps had been
created to depict bedrock geology only, and the other had been created specifically to depict surficial deposits. In
this case, there might be little, if any overlap in the units depicted and not much point in attempting to combine the
maps. Consideration of this first type of geologic consistency becomes important for creating regional digital data
archives composed of many individual maps. If maps that were originally created for several different purposes are
to be archived, they should be kept in separate archives or in separate data layers within a single archive.

The second level of consistency that is required for successfully combining adjacent maps into regional data
layers is consistency of descriptive information. This level assumes geologic consistency is sufficient to make
combining the maps a reasonable task. Before the maps can be combined, the descriptive information (attributes)
assigned to each feature on each map must be made consistent. If one map includes a polygon attribute for age of
rock unit and an adjacent map does not, the maps can be combined, but the results of any attempt to analyze areas by
age of rock unit will be misleading. In this case, the rock unit age information should be added where it is missing.

A more usual occurrence, however, is two adjacent maps which both contain age information, but the
information is formatted differently. One map may have a single attribute for stratigraphic age for each polygon
representing the “best” or central age of the unit. The single attribute for each polygon in the digital map might have
a code representing the time-stratigraphic unit during which the unit was deposited. An adjacent map might have two
attributes to represent stratigraphic age, a minimum age and a maximum age. Each attribute would still contain a
time-stratigraphic unit, but they would represent the extremes of the formation of the unit as opposed to the central
age. A third map in the region might also have two attributes for stratigraphic age, but the attributes might contain
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radiometric ages for the minimum and maximum age of formation of the unit. Although each of these techniques of
attributing stratigraphic age might be useful for a single map, it's clear that a great deal of work would be required to
combine all of these maps into a regional synthesis with consistent age attributes. The answer to this dilemma, of
course, is to create the digital maps with a consistent set of attributes from the beginning. That is one of the goals of
creating a consistent data model.

A third level of consistency that is required for successfully combining digital geologic maps is consistency
of coding. It's often more convenient and less storage intensive to substitute codes for descriptive attributes. To
continue the example of stratigraphic age attributes, time-stratigraphic units could be entered in the database as
complete words (Mississippian, Paleozoic, etc.), as shortened abbreviations (M, Pz, etc.), or as numeric codes (1, 10,
etc.). If the user of the final regional geologic map wanted to find all areas of Mississippian rocks, it would be easier
to search for one of the representations than to have to search for all three. Fortunately, as long as the representation
used for each map is internally consistent and all of the maps meet the requirements of the first two levels of
consistency, it is usually an easy task to automate the process of converting all attributes to a common representation.

Independent of the consistency required for combining digital maps into regional data sets, another aspect
that must be considered is consistency over time. If the digital maps are going to achieve their maximum usefulness,
long-term consistency of the underlying data model is important. Careful thought must be given at the beginning of
all large-scale attempts to create regional, digital geologic maps to the expected (and unexpected) uses of the maps in
the future. Because it is difficult, if not impossible, to foresee how the data will be used in the future, flexibility
becomes a primary requirement of all data models. To increase flexibility, all data models should be open-ended so
that it is always possible to respond to needs for new types of information to be attached to each feature.

As well as consistency through time, digital map designers should also consider consistency across a
spectrum of users. Usually, when the decision is made to acquire digital geology, there is a specific goal that is
driving the acquisition. The specific goal may not require a complete set of attributes for each map. It is certainly less
expensive initially to collect just the information needed for the immediate goal. However, it is usually more
expensive to collect additional data at a later time than to collect the additional data initially. The designer of the data
collection scheme should carefully consider other possible uses of the information both within and outside of the
collecting organization.

Fundamentals of the Model

The goal of this relational geologic map data model is to build, in the digital world, the equivalent to a
geologic map library, or warehouse. From a well-indexed library of paper geologic maps, one could retrieve various
maps from a specified geographic area. If the library were well staffed with eager assistants, one could also generate
composite regional geologic maps by trimming and pasting existing maps into larger sheets. If the existing maps
were originally created at different scales, it would take an extraordinary staff of assistants to perform this task.
However, the shift to digital geologic maps alleviates this process, as it allows one to more readily generate
composite maps from existing maps created at different scales and projections. It also allows one to create derivative
maps at the individual map feature level instead of at the entire map level. For instance, with digital maps, one can
select individual units to display, create new units by re-combining original map units, create units based on other
features of the existing units such as lithology, etc. Once the existing mapping is stored in the digital library, only the
imagination limits further uses of the data.
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Figure 2-1. Fundamentals of the relational geologic map data model.

The core of the data model is an archive of digital geologic objects from which one can create geologic maps.
The archive consists of a database of geologic features, including areas of particular rock type, structures, data
sites, etc. The archive may include a geographic description of each entity as well as its attribute (descriptive)
information and a source reference. The map legend filters the archive for specific geologic objects and
symbolizes them for depiction on the map. To create a map from existing data, a new legend is defined and
then applied to the archive.

The core of the relational geologic map data model is an archive of digital geologic objects from which one
can create geologic maps (figure 2-1). Although the model can be easily extended to include three-dimensional
objects, the data model presented here is confined to two-dimensional objects. These objects are two-dimensional
representations of three-dimensional geologic objects, which are themselves interpretations of the real world. The
digital archive consists of a database representing occurrences of geologic features such as areas of particular rock
types, structures, field sites, etc. The archive may include a geographic description of each feature as well as its
attribute (descriptive) information and a source reference. The geologic objects in the archive may come from many
different sources, including published maps as well as new, unpublished mapping.

The digital archive of geologic features is connected to a geologic map legend facility (figure 2-1). This
legend facility can be viewed as a filter, which selects specific geologic features from the archive and symbolizes
them for presentation on a map. Thus, the process of creating a new, or derivative, map from existing data within the
archive, becomes a natural process of defining the new map’s legend and then applying it to the archive.

In summary, real world geology is interpreted by the geologist and those interpretations are recorded on
maps (or photos) as geographic objects (points, lines, areas, etc.) with descriptive information. The geographic
representations of the geologic objects as well as the descriptive information are then stored in the archive. To create
a map from the archive, a user formalizes the desired content and symbolization of the map by defining a map
legend. The map legend is then applied to the archive to generate the new map or retrieve a previous map.

13



Geologic Map Data Model 05/19/98

Chapter 2: version 4.2

Real World Geology
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Figure 2-2. Geometric shapes of geologic objects.
All real-world geologic objects occur in various geometric shapes in space: e.g. points, lines, surfaces, and
volumes. Line segments and surface areas are special, bounded cases of lines and surfaces, respectively (dotted
box outlines). Any of these geometric shapes can be used to represent geologic objects on maps. For two-
dimensional maps, geologic objects are confined to area, line segment, and point representations. A data model
must be consistent with the fact that any geologic object may be represented by any of these shapes as a

function of the type and scale of the map.

The previous discussion describes the model as shown on figure 2-1 from the point of view of a creator of a
new map and from the point of view of a user creating derivative maps from the archive. There are two other cases
that should be considered. The first is a user who needs to enter the data from an existing map into the archive. In
this case, the user will need to enter the legend information as well as the geologic objects from the existing map into
the archive. Storing legend information along with the geologic objects also enables the final use of the map library.
User who wishes to retrieve a previously entered map for some sort of output simply retrieve the previously stored
legend information and apply it to the archive to re-create the desired map.

The data model is consistent with the fact that any geologic feature may be represented as one or more
geometric shapes (e.qg. figure 2-2 - volumes, surfaces, areas, lines, etc.) depending on the type and scale of the map.
For example, rock units are not confined to a volume (or area, in two-dimensions) geometry. At a small enough map
scale, thin rock units may appear as surfaces (represented as lines or line segments in two dimensions) and small, but
important, units may be represented as points. Similarly, veins, dikes, fault zones, etc. may change representational

geometry with changes in scale.
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Figure 2-3. Two categories of geologic objects.

For purposes of data modeling, geologic objects can be divided into two categories, singular objects and
compound objects. Singular geologic objects are those which have been directly observed at a single point
location, such as bedding orientations, sample descriptions, chemical analyses, measured sections, etc. as well
as those which relate to a single map entity (single polygon or line segment). Compound geologic objects
typically include information from observations at multiple locations, such as locations of contacts or structures
as well as descriptions of stratigraphic units, structural units, metamorphic units, etc. Singular and compound
objects are generally treated differently and are therefore stored in different portions of the data archive.

For purposes of data modeling, representations of geologic objects can be divided into two categories,
singular objects and compound objects (figure 2-3). Singular geologic objects are those which have been directly
observed at a single point location, such as bedding orientations, sample descriptions, chemical analyses, measured
sections, etc. Singular geologic objects can also be single map entities (a single polygon or line segment) which may
also belong to a more general, compound object. Compound geologic objects typically consist of the interpretation,
grouping, or classification of many observations at multiple locations. Included are map units made up of many
observations of outcrops, faults made by grouping individual fault traces observed in multiple outcrops, as well as
extended locations of contacts, structures, rock units, alteration zones, and metamorphic grade zones. Compound
objects also include descriptions of stratigraphic units, structural units, metamorphic units, etc.

Individual map features can be both singular objects and parts of compound objects. For example, a single
polygon on a map may represent one of many outcrop areas of a rock unit, such as the Babblebrook Granite.
Therefore, the polygon is a part of a compound object, which is made up of all of the polygons representing the
Babblebrook Granite along with all of the descriptive information about the unit. At the same time, there may be
descriptive information that only refers to one of the many polygons that make up the unit, such as the name
Clearwater Pluton. Therefore, the polygon that represents the Clearwater Pluton acts as both a singular object and as
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a portion of a compound object. The same argument can be made for many types of linear and areal objects within
the archive. Singular and compound objects are generally treated differently in the process of creating maps from the
archive and are therefore stored in different portions of the data archive.

Metadata

—F

Singular Geologic Object Compound Geologic Objed
Archive Archive

/

Spatial Object Archive
(Geographic Information Legend
System - GIS)

Map Output

Figure 2-4. Generalized diagram of the relational geologic map data model.

This diagram differs from the previous diagrams in the addition of Metadata and a Spatial Object Archive
(GIS). As before, geologic objects are linked to a geologic map through the legend. However, the spatial
portion of each object (its size, shape, and location) is stored in a Spatial Object Archive. Descriptions of single
map objects, which are stored in the Singular Object Archive, are linked to the spatial description directly.
Descriptions of compound objects (those that refer to multiple geographic objects), however, are linked to the
Spatial Object Archive through the legend. Thus, in addition to its functions of selecting data objects for a map
and symbolizing those objects, the legend also serves as a classifying agent for connecting multiple spatial
objects to a single entry in the Compound Object Archive.

Combining the features of the previous figures yields a generalized diagram of the relational data model
(figure 2-4). It differs from the previous diagrams in the addition of metadata and a spatial object archive
(Geographic Information System, or GIS). Metadata includes an original source for each archive object (whether
descriptive or spatial) as well as descriptive information about individual maps. At the general level of this diagram,
the box labeled metadata represents all of the metadata for each map in the archive, whether an original publication
or a new derivative map. However, in the model presented here, only the information needed for the model is
included in the tables. Additional metadata could be added to the model, or the archive could be linked to an external
metadata database.

A further addition to the previous diagrams is the delineation of a Spatial Object Archive (GIS). The
general notion of a legend organizing various geologic objects to produce a geologic map still holds. However, the
spatial portion of each object (its size, shape, and location) is stored separately from the descriptive portions. In
effect the geologic archive has been separated into spatial and non-spatial components. Both singular and compound
geologic objects have their attribute (text) descriptions stored in the Singular or Compound Object Archives,
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respectively, and their spatial description (geometry) stored in the Spatial Object Archive. The two portions of the
singular object are directly linked. However, the two portions of compound objects are only linked through the
legend. In addition to its functions of selecting data objects to display on a map and symbolizing those objects, the
legend also serves as a classifying agent for connecting multiple spatial objects in the Spatial Object Archive to a
single description in the Compound Object Archive.

Relational database table with the following information:

Lithology PAT Table Name
1/polygon Single record occurrence frequency
* poly _id * key attribute(s)
unit_name attribute list
etc.
A B One-to-one relation. For each record in table A there
1 01 may be 0 or 1 record in table B. For each record in
table B there is exactly one record in A.
A B One-to-many relation. For each record in table A
1 1M there may be one or more records in table B. For
each record in table B there is exactly one record in
table A.
A B One-to-many relation. For each record in table A
1 0-M there may be zero or more records in table B. For
each record in table B there is exactly one record in
table A.
A B Many-to-many relation. For each record in table A
1M 0-M there may be zero or more records in table B. For
each record in table B there may be one or more
records in table A.
A B The heavy line represents multiple relationships
: : 01 1M between a single table and a group of tables or
5 _[— between two groups of tables.

Figure 2-5. Diagram of relational notation used for entities (tables) and relations between entities.

General Relational Database Considerations

Because of the need to perform analysis on digital geologic maps and to combine digital geology with other
data sets in natural system modeling, it is expected that spatial objects will be generated, displayed, and managed by
a GIS, and that the remaining portions of the model, including parts of the Spatial Object Archive and the whole of
the Legend and Singular and Compound Archives, will be maintained within a relational database management
system (RDBMS). RDBMS store data in one or more tables, where each table contains data headings
(columnsf/fields) and data occurrences (rows/records). Individual tables are linked based on specified columns
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containing identical values; e.g. two tables may each possess a column for the name of a unit — these tables could
then be combined based on common unit name occurrences.

The techniques that are used to design the tables that are linked to the GIS are all variations on the general
relational model of database design (cf. Wiederhold, 1983). There are numerous mathematical representations and
manipulations that can be pursued to achieve the most efficient database design (normalization processes), but the
goal of each of these systems is to reduce redundancy in the database. The normalization process was used
throughout the design of the data model to reduce this type of redundancy. In the following sections, the remainder
of the data model is described as a series of linked tables. These tables implement the strategy outlined in the
previous text.

The notational shorthand that is used in all subsequent diagrams is given in figure 2-5. In this and the
following diagrams, each box represents a table (or entity) in a relational database, the connecting lines represent
relations, and the ends of the lines are labeled to show the type of relation. Entities in the model are translated to
tables in a relational database implementation and the terms are used interchangeably in this discussion. Each entity
is split horizontally with the title of the entity and the occurrence frequency of individual records shown above the
split and a list of attributes shown below the split. Key attributes, identified by a leading asterisk, are listed in the
lower panel of the entity. Key attributes are those attributes that are necessary to identify an individual record.

The lines connecting entities in the diagrams represent relations between the entities. Figure 2-5 shows the
method used to identify the type of relation between the two entities connected by the line. Relations are
characterized by whether an entity’s existence is dependent on its related entities, and in what amounts an entity may
participate in the relation. Each entity may occur zero, once or many times in the relation. Binary entity relationships
may thus have one-to-one, one-to-many, or many-to-many cardinalities. For instance, if entity A is related to entity B
in a one-to-many way, then for each occurrence of an instance of A, there may exist many occurrences of B, whereas
each occurrence of B can only be related to one instance of A. If B is independent of A, then the relationship could
be described as being one-to-zero or many. In general, all of the relations shown in the diagrams are one-to-one or
one-to-many. Where a many-to-many relation would be indicated by the nature of the connected entities and their
contained data, a correlation table has been inserted between them to convert the many-to-many relation to two one-
to-many relations. This type of conversion is required by the nature of relational databases and is one of the
differences between the relational model and the object-oriented model. In object oriented database implementations,
these correlation tables are not necessary.

The Relational Geologic Map Data Model

In the following sections of this chapter, the relational geologic map data model is described in detail. Due
to the complexity of the model, it is presented in logical sections in figures 2-6 through 2-10. A brief overview of the
individual sections is followed by a complete description of each table (entity) and relation. The relational model
was divided into individual tables to group related attributes, to minimize storage space and duplication of
information by normalization of the database, and to capture the relationships between the objects in a geologic map.

Typing Conventions

Within the text of the rest of this chapter, the names of attributes (columns, or fields in tables) are italicized,
such asnap_title Key attributes that are used to link one table to another are in italicized bold, sughidsin
addition, the names of model tables are capitalized within the descriptive text.
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Metadata, Legend and Related Tables

Map Table Map/Source Source Table Compound Object
1/map Correlation Table 1/source Archive
. . 1/correlation N
org_id source_org
* map_id * org_id * source_id COA Table
map_title ! * map_id OM | source _author (fig. 2-8)
map_author 1-M| * source_org 11 source_date I
map_date * source_id source _title
map_desc precedence source_ref
map_resolution source _scale
map_projection — source _resolution 0-M
map_xmax Si'ﬁ:zgcigg{; Data Classification
map_xmin . 1/ class subunit
map_ymax 1/correlation S—
map_ymin " - Classification * class _obj_id
— 1 . org_id M Name Table * coa_id
] p| L mapid 1/class percent
* class_obj_id 0-1 . Lalit
class_scheme_id * class_scheme_id avatty
class_name data_seq
Metadata class_seq —
disp_priority source_org 0-M
source_id
0-M
1
Spatial — ,
Classification Classification (?bject
(fig. 2-7 oM 1/class obj. 1
Spatial Object 1| * class_obj_id Legend
Archive) class _type
class _label
class _desc
1 Point Symbol
1/symbol
Area Symbol M .
1/symbol 0-M o1 cart_sym
01 om| Cartographic Objec desc
* cart_sym - - 1/cart. object
desc
* class_obj_id Color
TP p—— cart_desc 1/color
ine Symbo
1 n¥|bol 0-1 o-m| cart_sym table | o.m 0-1[ * cart_color
Yy cart_sym CMYK
* cart_sym cart_color_table RGB
desc cart_color e

Figure 2-6. Legend and Metadata portions of the relational model.

The model is in five parts; the Spatial and Singular Archive portions are shown on figure 2-7, the Compound
Object Archive portion is shown on figures 2-8 and 2-9, and some standard look-up tables are shown on figure
2-10. Note that shaded boxes are standard tables that are used with many maps (figures 2-6 through 2-10).
Central to this diagram is the classification object. It permits spatial objects to be connected with their
descriptive data in the Compound Object Archive, and it permits symbolization to be assigned to each object.
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* spatial_obj_id
* cover_id
* class_obj_id

0-M 1

Figure 2-7. Singular Object Archive and the Spatial Object Archive (GIS) portions of the model.

Heavy lines represent a relationship between an individual table in the Singular Object Arclallaatids

within the GIS. These relationships are portrayed in this manner because geologic entities of any type can be
represented as any of the GIS geometric types (i.e. areas, lines, or points on 2-D maps) and individual map
entities (single point, line segment, or polygon) can be given a specific name or age and can represent more
than one sub-unit. For example, although site details are normally associated with map points, the model allows
site details (in the Singular Object Archive) to be associated with any type of map entity. The Singular Object
Archive, presented here as individual tables in the relational database, could just as well represent connections
to external databases (e.g. a database of field notes). Note that all entities are tied to an original source.
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Compound Object Archive and Related Tables
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(fig. 2-6) coa_name * parent_id
1 | coa_type
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Figure 2-8. Compound Object Archive portion of the data model.

This Compound Object Archive portion of the relational geologic map data model contains descriptive data.

All types of map units are treated uniformly and relationships can be defined between units. Additional types of
map units can be easily added. The following figure shows a detailed expansion of the Rock Unit type. Similar
details will be needed for additional unit types. Note that all units and their relationships are tied to an original
source.
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Rock Units and Related Tables

Rock Unit Ui J
Unit Table 1/rock unit Rock Unit Ran
, . 1/rock rank
(fig. 2-8) 1 0-1| *coa_id 0-M 1
rock_rank * rock_rank
rock_level
1 1 1 =
0-M 1-M 0-M
Radiometric Age Rock Composition Stratigraphic Age|
1/date 1/composition 1/age range
* coa_id * coa_id * coa_id
*rad_seq * comp_seq * strat_seq
rad_date rock_name min_strat
rad_err_plus lith_class max_strat
rad_err_minus lith_form min_source_org
source_org percent min_source_id
source_id quality max_source_org
mineralogy max_source_id
color
texture 0-M
alteration
desc 2
etc. -
XY Time Scale
(fig. 2-10)
1
Lithology
(fig. 2-10)

Figure 2-9. Rock Unit and related tables portion of the Compound Object Archive.

Each rock unit as a whole can have associated one or more stratigraphic age ranges (each with a minimum and
a maximum) as well as one or more radiometric ages. These data can come from sources that are different than
the source of the unit definition. Each rock unit has a rank (group, formation, member, etc.) and the relative
level of unit ranks is maintained in a Unit Rank table. This table allows easy creation of derivative maps at
various rank levels. Each rock unit is made up of one or more compositions. Rock compositions correspond to
individual rock types, or lithologies, which are included in the defined unit. For example, a clastic rock unit
composed of conglomerate, sandstone, and shale would have three rock composition records. Each would
describe a single lithology within the unit.
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Compound Object Archive Look-up Tables

..................................................

Compound Object Archive
(figs. 2-8 & 2-9)

Stratigraphic Time
Scale
Lithology Structural Type 1/period
1/lithology 1/struct. type * strat_name
* lith_class * struct_typ_id s:ra:_ld K
lith_id type strat_ran
lith_level modifier min_age
lith_desc desc max_age
min_source_org
1 min_source_id
max_source_org
max sourceid
1 0-M
0-M 0-M 1
Lithology Tree Strat. Tree Strat. Rank
1/lith. corr. 1/strat. corr. 1/rank
* |ith_id * strat_id * strat_rank
* parent_id * parent_id strat_level

Figure 2-10. Standard look-up tables which are used with the Compound Object Archive.

Stratigraphic Time Scale and Lithology are hierarchical structured look-up tables. The parent-child
relationships are captured in the “Tree” tables and the level within the hierarchy is defined by the “_level”
attributes. This structure simplifies the creation of derivative maps such as a simplified geologic map showing
geology at the formation level and above or a simplified lithologic map showing only level 1, or level 1 and
level 2, lithologic units. Additional look-up tables can be easily added.

Metadata, Legend and Related Tables

The geologic map data model is divided into five interconnected diagrams (figures 2-6 through 2-10) along
the same lines as the divisions made in the general overview of the data model as presented in figure 2-4. The first
diagram (figure 2-6) includes the legend and metadata portions of the model along with some associated tables.

Metadata

The metadata portion of the model includes three tables, a Map Table, a Source Table, and a Map/Source
Correlation Table. The Source Table contains reference information for published and unpublished sources of
information that are contained in the digital library. As documented here, the Source Table does not include a
complete set of NSDI-compliant metadata records. The model assumes full NSDI metadata records are to be stored
in a separate database; the source table included here can serve as a link to the formal metadata warehouse. There is
one record in the Source Table for each individual source of information. The Source Table contains two key
attributes source_org(originating agency of source) asdurce_id(agency’s unique source identifier) which serve
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to identify individual records; these same two attributes will be found throughout the model wherever it is necessary
to preserve the source of a map feature or description.

The Map Table contains information pertaining to each map in the archive. It also has two key attributes,
org_id (agency identifier) anchap_id(map identifier) which identify individual records. Two key attributes are
used within these two tables so that individual organizations can maintain their own map and source identification
coding schemes and still share data sets. So, for each map or source record, there is an attribute that refers to the
organizationprg_id andsource_organd an attribute that distinguishes individual items within the organization,
map_idandsource_id The remaining attributes in the Map Table are used to describe and to plot a particular map.

For a new map that is being added to the system, a record will be created in both the Source Table and the

Map Table with some of the information duplicated between the tables. However, for a derivative map that is created
from the archive, there will be one new record created in the Map Table which is related to one or more records in
the Source Table, depending on how many maps are used as sources of features for the new map. A source map
could potentially be used to create any number of derivative maps. Therefore, there is potentially a many-to-many
relationship between the Map Table and the Source Table. To create that type of relation in a relational database
model, one must insert a correlation table. The Map/Source Correlation Table is the first of several correlation tables
in the model that will be discussed.

Correlation tables contain all of the key attributes from each of the tables being correlated, in this case, two
key attributes from each table. For every record in the Map Table (each has a unique combiogegidd ahd
map_id there may be any number of records in the correlation table (each having ttegaicheandmap_id but
a differentsource_organd/orsource_id, but for each record in the correlation table, there may be only one
corresponding record in the Map Table. Similarly, for each record in the Source Table there may be any number of
records in the correlation table, but for each record in the correlation table, there may be only one corresponding
record in the Source Table. Therefore, the correlation table converts the many-to-many relation between the Map
Table and the Source Table into two many-to-one relations between the correlation table and the other two tables.
This technique is used throughout the relational model. An additional use of this correlation table is to allow a
mechanism for assignimyecedencéo the sources of maps derived from multiple sources. Thus, the user may direct
the system to use several overlapping sources for a derivative map, but specify the order in which the maps are to be
used in areas of overlap.

Legend

The second major portion of the model that is diagrammed on figure 2-6 is the legend. The legend consists
of two data tables and a number of standard look-up tables. The functions of the legend portion of the model are to
record the objects to be included on a particular map, to record the descriptions of those objects for the purposes of
that map, to specify how the selected objects are to be symbolized for a particular map, and to link the spatial
descriptions of objects in the Spatial Object Archive to attribute descriptions in the Compound Object Archive. It's
clear from its connections to all other portions of the model that the legend is the heart of the data model and the
Classification Object Table is the heart of the legend.

The Classification Object Table defines objects that are to appear on a map and also, on the map legend.
The table can be used to define individual objects such as named faults, it can be used to define classes of singular
objects which share symbolization such as all normal faults or all foliation symbols, and it can be used to define
compound objects such as rock units or alteration zones. Each of these objects is assignedlassnigbie ithat
forms the key to the table. The table also defines the labeling that is used for each object and the type of each object.
The attributeclass_typeis used to group similar objects on a map legend, for example all intrusive rock units or all
structural symbols. The attributetass_labehndclass_descre used to hold short and long, respectively,
descriptive text that will be used on the legend to define the classification object. For example, when classifying an
intrusive rock unitclass_labemight contain a label such as TKig, whilass_desenight contain a longer text
description of the rock unit.

The Cartographic Object Table is used to symbolize objects that are defined in the Classification Object
Table. Each object in the Classification Object Table can be represented by one or more records in the Cartographic
Object Table, allowing the symbolization of each feature on the resulting map to be composed of multiple layers.
Each of these layers is defined by pointing to a symbol table and a specific symbol within the table and by pointing
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to a color table and a specific color within the table. The type of symbol to be used is determined by which symbol
table is referenced. Point symbols are defined in standardized Point Symbol Tables, line patterns in Line Symbol
Tables, etc. There can be multiple standard tables for each type of symbol, if necessary. Thus, point symbols for a
single map could be drawn from several Point Symbol Tables. This arrangement allows maximum flexibility of
cartographic design. As an example of the flexibility available, consider a polygon, or group of polygons on the map
for which the user would like to have a uniform base color overlain by two cross-hatches of different colors. Instead
of having to design a special symbol for this combination, the user simply defines three cartographic objects for the
classification. The first includes the symbol number and symbol table needed to specify a solid area fill and the color
desired for the fill. The other two include the symbol numbers and symbol tables for the appropriate cross-hatching
patterns and the desired color numbers and color tables to color the cross-hatching.

Legend Correlation Tables

The Classification Object Table, and therefore the legend, is connected to the rest of the model through
three correlation tables. These correlation tables interact with the adjacent portions of the model in the same way that
the Map/Source Correlation Table interacts with the Map and Source Tables; they convert many-to-many relations to
one-to-many relations. The Classification Scheme Table provides the correlation between the Map Table and the
legend’s Classification Object Table: i.e. it associates a set of classification objects with a particular map. It also
allows the user to designate this set of classification objects as a particular classification scheme and save it for
further use. In addition, the Classification Scheme Table includes a classification sequence number and a display
priority. The classification sequence numlmsiss_segjis used to sequence the objects in a map legend according to
the user’s needs. Display priorityisp_priority, allows the user to specify the order in which objects are drawn when
the map is created. If a map includes a pattern overlay showing metamorphic grade or, perhaps, alteration, it is
important that the output device draw the underlying polygons and lines before drawing the overlay pattern if the
underlying geology is to be seen through the pattern. Display priority is used to assure the display occurs in the
desired order.

There is a Classification Name Table related to the Classification Scheme Table so that classification
schemes can be named and tied back to an original source. This allows the user to recall classification schemes by
name or by their original source.

The Classification Object Table is also linked to the Compound Object Archive and the Spatial Object
Archive through correlation tables. The Data Classification Table links the Classification Object Table to the
Compound Object Archive. As a correlation table, it forms the same sort of link between the legend and the
Compound Object Archive as described above; it converts a many-to-many relation to two many-to-one relations.
Including a correlation table here provides for the possibility of linking a single classification object (legend object)
to multiple objects in the Compound Object Archive. For example, legend objects that refer to more than one rock
unit from the archive can be created. Therefore, new maps can be created which combine units from previous maps
just by defining new legend objects or re-using existing legend objects. In addition to the required key attributes, the
Data Classification Table includes three attributes that increase its pilittent quality, anddata_seqThe
attributes percentandquality, are used when a single classification object is composed of multiple objects from the
Compound Object Archive. These attributes are used primarily with rock units from the Compound Object Archive.
They allow the user to record the estimated proportion, in volume percent, of each rock unit that is part of the legend
object and the quality of the proportion estimate. The final attriblata, segqis also used with legend objects that
are composed of multiple objects from the Compound Object Archive. It provides a sequence number, which
controls the order of display, within the legend, of descriptive information from the Compound Object Archive.

The final correlation table that is connected to the Classification Object Table is the Spatial Classification
Table (figure 2-7) which connects the legend to the Spatial Archive. The Spatial Classification Table has no
additional attributes and simply functions as a correlation table to convert the many-to-many relation between the
Classification Object Table and the various Spatial Object Archive tables to several many-to-one relations. This
many-to-many relation between the spatial object and its classification implies that a spatial object may be classified
in more than way: i.e. if its appearance varies on different maps, or if it is classified as more than one type of object
such as a fault that is also a contact.
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Spatial Object Archive

The Spatial Object Archive (figure 2-7) is the storage location for the spatial (geographic and geometric)
description of all objects within the map library. All information concerning the shape, size, location, etc. of each
map feature is stored in this archive. It is expected the archive will be implemented in a Geographic Information
System (GIS). Most GIS provide separate repositories for each geometric type supported. For example, points, line
and polygons and their related properties, are commonly stored in separate archives. In addition, it is often beneficial
to divide each geometric type according to some useful thematic scheme; on geological maps one might divide the
polygonal features into bedrock geology, surficial geology and metamorphic overlays. Often these layers are called
coverages. Thus GIS maps typically consist of several coverages which are delineated by both theme and geometric
type. The geologic map data model depicts the Spatial Object Archive (in figure 2-7) as a series of tables where each
table is a geometrically delineated coverage. The geologic map data model does not impose or demand any particular
organization of coverages within the GIS. It only requires that each spatial feature be uniquely identified and
provides two attributes for this purposeatial_obj_idandcover_id The attributespatial_obj_id ensures that a
spatial feature is uniquely identified within a coverage, wdoleer_idensures the coverage is uniquely identified:
no two coverages may contain the sameer_id The data layers shown on the diagram are the minimum normally
required for a geologic map. Certainly, if the map contains no point data or no linear features, those data layers
would not be needed. But, most maps will have the data layers shown. Some maps may require additional data
layers. For example, if the map includes overlay polygons that cut across the rock unit polygons, a separate polygon
data layer will be required. In that case, there would be more than one layer of polygon data. Each record in a
coverage table corresponds to a single geometric feature in a single data layer of a single map. Thus, these records
represent the smallest geometric units from which geologic maps are constructed. Each record corresponds to a
single point, polygon, or line segment. Each record contains the two key attripatésl,_obj_idandcover_id the
combination of which must be unique within the map library. In addition, each record, and therefore each map
feature, includes the information necessary to link the feature to its original sousoeinde._organdsource_id As
derivative maps are created from multiple original maps, it is always possible to trace the source of each map feature.

Spatial Object Archive Correlation Tables

The diagram of the Spatial Object Archive (figure 2-7) has a heavy line drawn between the Spatial Object
Archive and the Spatial Classification Table. This line represents several one-to-many relations, one between the
Spatial Classification Table and each table within the Spatial Object Archive. Within the Spatial Classification
Table, the key attributepver_id is used to specify the table within the archive to which each classification object is
related. The other key attributepatial_obj_idandclass_obj_id are used to specify a particular spatial object
within the coverage table, and to specify the classification object to which the spatial object is connected,
respectively. This correlation table is used in the same manner as the previous examples; it serves to convert a many-
to-many relation between classification objects (the legend) and spatial objects (map features) to several many-to-
one relations. Each spatial object can, therefore, be used for multiple maps, which is how the model is used to create
derivative maps. And, each classification object can refer to multiple spatial objects, which is how the model is used
to connect descriptions of compound objects (e.g. units) from the Compound Object Archive to multiple spatial
objects (e.g. polygons). It is also the mechanism that is used to classify multiple singular objects to a single legend
classification, such as defining a single legend symbol and description for all foliation orientation symbols on a map.

Singular Object Archive

The Singular Object Archive is composed of several tables that are used to store descriptive information
related to individual spatial objects. Although only five tables are shown in the Singular Object Archive on figure 2-
7, the archive could include many more tables. The ones shown here are diagrammatic only. All tables in the archive
include the attributespatial_obj_idandcover_id which are used to specify the particular spatial object to which
each record in the archive table refers. Thus, each record in each table in the archive may only refer to a single
spatial object, hence the name, Singular Object Archive. In addition, each record in most of the tables in the archive
contains thesource_organdsource_idattributes to tie the archive information back to an original source. The
Spatial Object Age Table differs slightly from the others in that it refers to a table in the Compound Object Archive
that includes source reference attributes.
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The Spatial Object Name Table is used to attach names to individual spatial objects. Although many uses
could be made of this table, its primary purpose is to attach formal names to objects such as individual plutons that
are represented by a single polygon or individual structures that are represented by a single line segment. The heavy
line in figure 2-7, which connects the Spatial Object Name Table to the Spatial Object Archive, represents multiple
one-to-many relations. For each spatial object, there can be one or more names entered in the Name Table, but each
entry in the Name Table can refer to only one spatial object. The heavy line signifies a one-to-many relation between
the Name Table anahy of the attribute tables within the Spatial Object Archive.

The Spatial Object Composition Table is used to store information about the composition of individual
spatial objects. Although the table could be used to store information about other types of spatial objects, its primary
use is to store information about the composition of individual rock unit polygons, and thus this table links individual
spatial objects to the Compound Object Archive. The normal procedure for defining a rock unit is to store the
definition of the rock unit and its composition in the Compound Object Archive (figure 2-8). The rock unit definition
is then linked to multiple spatial objects through the legend and the Spatial Classification Table. In some cases, a
compound unit will be defined in the legend which refers to several rock units in the Compound Object Archive or a
rock unit defined in the Compound Object Archive will contain several different compositions. The unit is then
linked to multiple polygons through the Spatial Classification Table. For most polygons in the map area, there may
be no information as to which of the rock units in the legend definition (or compositions of a single rock unit) occur
within the polygon, or the extent to which they occur within the polygon. However, if there is information about the
composition of an individual polygon, the Spatial Object Composition Table permits the user to store information
about the composition of an individual polygon in terms of rock units defined in the Compound Object Archive. In
addition to the usual attributes shared with all Singular Object Archive Tables, the Composition Table includes
attributes forcoa_id comp_segpercent quality, source_organdsource_id The attributesgoa_id andcomp_seq
are used to identify a specific unit in the Compound Object Archive and the particular portion of the unit
(composition), respectively. The unit must be defined in the Compound Object Archive. The atrdratasand
quality, are used to specify an estimate of the volume percent of the polygon composed by the unit in question and
the quality of the estimate. Typically, there would be several records in the Singular Object Composition Table for a
given polygon, each referring to a different rock unit or portion of a rock unit in the Compound Object Archive and
each specifying the volume percent within the polygon.sthece_organdsource_idattributes refer to the source
record for information specific to the composition breakdown specified in the composition record.

The Spatial Object Age Table is used to attach radiometric ages to individual spatial objects. Although
many uses could be made of this table, its primary purpose is to relate radiometric age information which is stored in
the Compound Object Archive (Radiometric Age Table, figure 2-9) to objects such as individual plutons that are
represented by a single polygon or individual structures that are represented by a single line segment. The heavy line
in figure 2-7, which connects the Spatial Object Age Table to the Spatial Object Archive, represents multiple one-to-
many relations. For each spatial object, there can be one or more records in the Age Table, but each entry in the Age
Table can refer to only one spatial object. The heavy line signifies a one-to-many relation between the Spatial Object
Age Table andny of the attribute tables within the Spatial Object Archive. The attribctes,idandrad_seq are
used to identify an individual radiometric age record in the Radiometric Age Table.

The Structural Detail and Fossil Detail Tables are typically used to store information about point locations
within the Spatial Object Archive. These tables are representative of the many types of site detail tables which could
be included in the archive. For example, there could be additional tables for various types of analytical samples,
mineral deposits, etc. In addition, the data need not reside in the local archive; the tables in the archive could serve
instead as links to one or more external databases of field data, analytical data, deposit information, etc. In addition
to the usual attributes shared with all Singular Object Archive Tables, the Site Detail Tables include attributes for the
typical types of information that would be stored for each type of point feature. Additional attributes and additional
tables could be added as needed. As with the other tables in the archive, a one-to-many relation is shown between the
Spatial Object Archive and these tables. Any spatial object can be tied to any number of site detail records, but each
detail record must refer to a single spatial object. For example, a single field location can be tied to any number of
structural measurements, but each structural measurement can only refer to a single point location. In the case where
spatial objects from multiple maps are stored in the spatial archive, it is possible that a site could be depicted on
several maps (e.g. a field station or mineral deposit). In that case, a correlation table must be included between the
spatial object and the sites. This will permit a spatial object to be related to many site features (i.e. multiple
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measurements at a single site), and a single site feature to be related to multiple spatial objects (i.e. one measurement
depicted on several maps). This scenario is not currently diagrammed in figure 2-7.

Compound Object Archive

The Compound Object Archive is composed of a number of data tables and look-up tables (figures 2-8, 2-9,
and 2-10) which are used to define Compound Geologic Objects. The heart of the archive is the COA Table. The
COA Table links the legend, and thus the rest of the data model, to the various types of compound geologic objects
that can be described and defined within the archive. The archive can be used to define many different types of
geologic objects, of which only three will be discussed here. The three that are included in this version of the data
model have been selected because they represent common types of objects which occur on geologic maps and
because each represents a different class of geologic object. The first to be defined, Rock Units, represents the most
common use of the archive, to define various types of map units based on rock features (lithology, age, stratigraphic
position, mineralogy, etc.) Rock Units will be described in detail because they are the most complex types of
geologic object and because they serve as a model for other types of units which could be added to the archive, such
as soil units, engineering properties units, etc. Any type of unit that would form a polygonal base for a geologic map
would be treated in a fashion similar to Rock Units. Structural Features will also be described in this version of the
model because they form the second most common type of geologic object and because they represent a class of
geologic objects which are typically, although not entirely, linear. Any other linear geologic object that would be
added to the archive would be treated in a manner similar to Structural Features. Finally, Metamorphic Overlay Units
will be described in the model not because they are particularly common in geologic maps, but because they
represent a unique class of geologic objects, polygonal objects which overlay a polygonal geologic map base. These
units can be thought of as any units that are effectively transparent on a geologic map so that the overlying units
modify the underlying Rock Units. Note that these polygons do not represent metamorphic rock units; they represent
metamorphism that crosscuts the underlying rock units. Other examples of this class of units would be alteration
overlays or glacial extent overlays.

The COA Table (fig, 2-8) connects the Compound Object Archive to the legend, and thus, to the rest of the
data model through the Data Classification Correlation Table (described above). The key to the COA Table is the
attribute,coa_id which contains an identification number assigned to the compound object. Because the key
attribute to the COA Table must be unique within the Compound Object Archive, the name of the object cannot be
used as the key attribute. It is always possible for the same object name to be used on different maps for differing
objects. Theoa_idis used to link between the COA Table and the rest of the Compound Object Archive. The COA
Table also includesource_organdsource_idattributes to link each entry in the Compound Object Archive to its
original source. The attributepa_namecontains a short name for the object. The attritngta, descis a text
attribute which can be used to describe the object in more detail than what is providemba tremeattribute.

Finally, the attributecoa_type defines the type of object being described. ddee_typeattribute is used to
determine which of the additional tables in the Compound Object Archive contain the remaining attributes for the
object and, therefore, distinguishes rock units from structural or metamorphic overlay units, etc.

Connected to the COA Table by a one-to-one relation and sharing the same key attrébudeis the
Formal Unit Table. This table is used to store information about formal definitions for the unit being described. For
every entry in the COA Table, there can be zero or one entries in the Formal Unit Table. Although it is not required
for a record in the COA Table to have a corresponding record in the Formal Unit Table, it may only have one record,
if any. If the unit has a formal name and/or a type section definition, this information is stored in the Formal Unit
Table in the attributesiame andtype_sectionrespectively. This table is not completely defined by the data model.
Clearly, additional attributes would be useful such as a reference information for each formal name or type section
definition. It is expected that either additional attributes will be defined for this table before the data model is
adopted, or this table will act as a link to an external database of formal geologic object definitions.

Also connected to the COA Table, but by a one-to-many relation, is the COA Relation Table. This table is
used to define relations between objects in the COA Table. Virtually any type of geologic relation can be defined
between two objects that exist in the COA Table. Examples might include older, younger, equivalent, correlates
with, part of, includes, intrudes, etc. The reason for this table is to allow the storage, within the model, of the types of
relations between units that are normally shown on a map legend by small graphic figures, particularly those that
commonly occur within a correlation chart. Because there is a one-to-many relation between the two tables, multiple
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relations may be described between the same two objects in the COA Table by creating multiple records in the COA
Relation Table. The COA Relation Table contains two attribates, idandrel_coa_id which define the objects in

the COA Table for which the relation holds. Both attributes refer todheidattribute in the COA Table and the

direction of the relationship is from the object identified indba_idattribute to the object identified in the
rel_coa_idattribute. For example, a record in the COA Relation Tableagi#h idcontaining unit Arel_coa_id

containing unit B, andelation containing “intrudes” would indicate the relation, unit A intrudes unit B. Because it is
possible to have multiple records in the COA Relation Table with thes@anéandrel_coa_id a different

attribute is required to form the key attribute for the table. In this tedllad is used for the key and has no

additional function in the model. Finally, the table includes an attribeltejes¢ which is used if further description

of the relationship is required.

A one-to-many relation also links a COA Tree Table to the COA Table. Because of the common need to
use the stratigraphic hierarchy of rock units for the creation of derivative maps, or to define segmented linear
features, these relationships are stored in a special format in the COA Tree Table instead of being stored in the COA
Relation Table. This table only contains two attributes, idandparent_id which together form the key of the
table: i.e. the table lists all hierarchical pareperént_id of a geologic objectcpa_id. For example, the group and
supergroup units to which a formation belongs would be listed as its parents. If all stratigraphic parent-child relations
in a map area are entered in this table, then the table can be used to construct a stratigraphic tree for the area or to
create derivative maps of the area based on aggregating stratigraphic units to higher levels. For example, suppose the
map area in question contains a mix of units at the group, formation, and member levels. If the parent-child relations
are recorded in the table, then it is a relatively simple process to create a derivative map aggregating to the formation
or group level from the original units. In the case of a segmented linear feature, the parent would refer to the whole.
For example, the San Andreas Fault contains many segments, which may individually be described, and for which
the San Andreas would be a parent in the COA Tree Table

The COA Table contains a general description for compound geologic objects of all types, including rock
units, linear features such as contacts, faults, folds and dikes, and overlays such as metamorphic or glacial units.
More detailed data pertaining to these different types is stored in other tables specific to the type: the data model
describes a Rock Unit Table, a Structural Correlation Table and outlines a Metamorphic Overlay Table. Additional
tables may be added for other compound geologic object types. In general, these other tables possess one-to-one
relations with the COA Table so that the major table of a particular object type, such as the Rock Unit Table, has one
and only one record for each record in the COA Table of that type. Because the Structural Correlation Table is used
in a slightly different manner, it has a one-to-many relation, which is described below.

Rock Units

The Rock Unit Table (figure 2-9) is the main entry point for descriptive information concerning rock units.
For purposes of the model, rock unit is defined as any mapped unit which may occur on a geologic map, including all
types of stratigraphic units, whether layered or not, unconsolidated sediment units, water and ice features where
underlying geology is not mapped, etc. The Rock Unit Table includes all information that is consistent for an entire
rock unit: the unit’s identification number and it's rank, if any (attributes idandrock _rank respectively). All
other descriptive information about the rock unit either may relate to just a portion of the rock unit, such as its
composition, or may occur more than once, such as an age determination. This other information is stored in
subsidiary tables.

The Rock Unit Rank Table is a simple look-up table that is used to associate a number, rock_level, with
each rock unit rank name. This allows the user to insert a word such as “formationfaokthank attribute but
also refer to that rank numerically. Rank levels are hierarchically organized such that the highest rank is assigned the
lowest number (e.g. supergroup = 100 and bed = 500).

A rock unit may have any number of radiometric ages associated with it in the data model. These ages are
stored in a separate table, the Radiometric Age Table, and related to the Rock Unit Table by a one-to-many relation.
The key attributecoa_id identifies the rock unit with which each age record is associated. Because there can be any
number of radiometric age dates for a single rock unit, the key attribute and sequence nagiméen,is used to
assure that each record has a unique key. In addition to the key attributes, the Radiometric Age Table contains
attributes for storing the measured radiometric age, errors on the age, and a source reference.
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The stratigraphic age of the rock unit is stored in the same manner as the radiometric age, in the
Stratigraphic Age Table. A one-to-many relation also links the Stratigraphic Age Table to the Rock Unit Table so
that more than one stratigraphic age interval can be associated with each rock unit. In most cases, there will only be
one record for stratigraphic age for each rock unit specifying the minimum and maximum age of the unit. There are,
however, occasional units on geologic maps that have discontinuous age ranges. These units will require multiple
records in the Stratigraphic Age Table. The key attritada, id identifies the rock unit with which each age record
is associated. Because there can be any number of stratigraphic age ranges for a single rock unit, the key attribute
and sequence numbstrat_seqis used to assure that each record has a unique key. The Stratigraphic Age Table
contains attributes for minimum and maximum stratigraphic age as well as attributes for source references for the age
determinations. A difference between the two tables is that the Radiometric Age Table includes numeric values for
the ages, while the Stratigraphic Age Table uses the names of stratigraphic intervals from a stratigraphic time scale
which is coded into the data model in the form of three tables, Stratigraphic Time Scale, Stratigraphic Rank, and
Stratigraphic Tree (figure 2-10).

The Stratigraphic Time Scale Table (figure 2-10) is a hierarchical structured look-up table. Parent-child
relationships in the stratigraphic time scale are captured in the Stratigraphic Tree Table and the level within the
hierarchy is defined in the Stratigraphic Rank Table. This structure solves many of the problems with storing
stratigraphic time information and facilitates the production of derivative maps based on rock unit age as well as the
creation of derivative rock units based on stratigraphic age. The structure also facilitates the analysis of geologic
maps where comparisons of stratigraphic age are required. All three of these tables, Stratigraphic Time Scale,
Stratigraphic Rank, and Stratigraphic Tree are standardized look-up tables that are provided with the data model.

Any organization using the data model may replace these with their own standardized tables, but the user or creator
of each digital geologic map does not need to create these tables. For maximum use of the archive, the same standard
tables should be used for all maps.

The Stratigraphic Time Scale Table contains one record for each stratigraphic period to be represented in
the table with a key attributetrat_name containing the name of the time period, such as Mesozoic, Cretaceous,
Norian, etc. Each stratigraphic period is then assigned an arbitrary identification number, which is stored in the
attribute,strat_id Thestrat_idis used in the Stratigraphic Tree Table to record parent-child relationships between
time periods. Each stratigraphic period is also assigned a rank (epoch, era, etc.) which is stostatinrémk
attribute. Thestrat_rankis used in the Stratigraphic Rank Table to assign a humeric rank level to the words that are
used forstrat_rankin the Stratigraphic Time Scale Table. For each period in the table, there is also an attribute for
storing minimum and maximum radiometric ages for the stratigraphic period and the sources of those ages.

Returning to the Rock Unit Table on figure 2-9, there is a one-to-many relation between the Rock Unit
Table and the Rock Composition Table. The Rock Composition Table is used to store descriptive information about
the rock unit. A one-to-many relation is used so that there may be multiple composition records for each rock unit.
This is particularly useful for rock units which are composed of a mixture of rock types; each rock type will be
described in a separate Rock Composition record with no limit on the number of rock types, or compositions, that
may be stored for a single rock unit. The Rock Composition Table usesahielattribute plus a sequence number,
comp_segqas the key attributes. In addition to providing a unique key, in combination witbahél the sequence
number is used to specify the sequence of display of the composition records when a rock unit description is created
for a map legend. Rock Composition is another table that is not complete at this stage of design of the data model. It
is expected that additional attributes will be added to the table before it is adopted. All information that is unique to a
single rock type within a rock unit should be stored in this table or linked to this table. The attmineeslogy
color, texture andalteration, represent simple text descriptions of the rock type; additional descriptive attributes
could be added. The attributegrcentandquality, are used to specify an estimate of the volume percent of the rock
unit composed of the rock type in question and the quality of that estimate, respectively. These values are important
for creating derivative maps based on rock type or lithology. For example, it would be extremely difficult to produce
a major lithology derivative map without an estimate of the volume percent of each rock type for each rock unit.

Two additional attributes included in the description of each rock lifpeclassandrock_nameare used
to define the lithology and name of the rock composition, respectivelyliti helassattribute is used to select a
lithology classification for the rock type from a pre-defined, hierarchical classification of rock types stored in the
Lithology Table (figure 2-10). The Lithology Table is similar to the Stratigraphic Time Scale Table in that it is a
standard classification that is included in the data model. It is somewhat more controversial than the time scale so
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that it is more likely that an organization will choose to supply a different classification. To the extent that a single
classification can be used by multiple organizations, the ability to analyze geologic map data by rock type, or
lithology, will be greatly enhanced. It is hoped that the classification presented here will be improved before final
adoption of a data model and that most developers of geologic maps will be able to agree on a classification scheme.
The suggested classification is hierarchical with major headings of Unconsolidated, Sedimentary, Intrusive,
Extrusive, and Metamorphic. Each of these headings is then further broken down into a second level of individual
rock types, such as sandstone, or gneiss, for example (see description of the Lithology Table, below). The second
level rock types are further broken down into a third, and occasionally, fourth level of more specific types such as
arkose, or calc-silicate gneiss. The user can pick an appropriate rock type from any level of the table to classify a
rock type. The reason for using a standard table is so that it will be possible to compare rock units based on their
rock type. If there is no attempt by the originator of the data to classify the rock type, then subsequent analysts who
may not be experts in the geology of the area are forced to classify the rock units, often with less than desirable
results. Of course, every geologist who creates a geologic map will want to use rock type terminology that is not
contained in the classification. That is the purpose of havingka nameattribute in addition to thii¢h_class

attribute. Theock_namaeattribute is a free-entry attribute where the user can enter any rock name that they prefer. It
is this rock name which would be used for creating legends and general descriptions of the rock unit; the lithologic
classification is only used for comparing units on the basis of their rock type. The lithologic classification presented
here is generally confined to 3 levels; however, the design is flexible enough so that individual organizations, and
even individual users, can add classification terms to existing levels or to provide as many additional levels as
desired. As long as the added terms are defined in terms of their level and their parent from the existing
classification, they will allow subsequent users full capability to create derivative maps even if they are not aware of
the added terms.

The attributelith_form, is used to store information about the form, or morphology, of the rock
composition. Like théith_classattribute, thdith_form attribute is used to select an item from a standard
hierarchical list. The list is slightly different according to the type of unit being described. The sets of morphology
terms that are appropriate for extrusive rocks are different from those that are appropriate for unconsolidated
sediments, for example. The table of rock type forms is not complete at this time, but will be included with a later
version of the data model. Examples of morphology terms might include channel, flood plain, levee, and delta for
unconsolidated sediments and ash, tuff, volcanic breccia, and flow for extrusive rock compositions.

In addition to thdith_classattribute, which forms the key, the Lithology Table (figure 2-10) also contains
attributes for storing an identification number for each record, a level number for each record, and a description of
the particular rock type, if needed. The identification numiitkr,id, forms the link with the Lithology Tree Table,
which is used to store parent-child relations between records in the Lithology Table. The tree is used in exactly the
same manner as the Stratigraphic Tree Table. There is no Lithology Rank Table because the ranks (or levels in the
case of lithology) are stored in the Lithology Table as numeric values. Therefore, there is no need for a look-up table
to translate level names to level numbers.

Structural Features

As with all other objects in the Compound Object Archive, structural features are represented in the COA
Table (figure 2-8) with an object identification number, a name, a description, source information, and a type code
which identifies the object as a structural feature. There are two different types of structural features that can be
represented in the Compound Object Archive, individual structures, such as named faults, and generic structures,
such as all normal faults. Normally, there would be a single record in the COA Table for each generic type of
structure, one for all approximately located normal faults, one for all anticlines, one for all queried contacts, etc. For
each type of structure, which has an individual symbol or description on the map legend, there would be a generic
record in the COA Table. In addition, there would be a record in the COA Table for each individual structure that is
uniquely identified on the map, usually by a name. Thus, although the San Andreas Fault might be a dextral, strike-
slip fault on a particular map, it would have its own individual record in the COA Table so that the name San
Andreas Fault could be associated with the entire structure. For records that are identified in the COA Table as
structures, there is a one-to-many relation between the COA Table and the Structural Correlation Table.

The Structural Correlation Table is used in much the same manner as other correlation tables in the data
model. It serves to convert a many-to-many relation between the COA Table and the Structural Type Table (figure 2-
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10) into two one-to-many relations. The many-to-many relation between the two tables, and thus the Structural
Correlation Table, is required because many structures have multiple aspects. For example, many faults have both
strike-slip and dip-slip aspects. To avoid having to create records in the Structural Type Table for all of the possible
combinations of structural aspects, the data model allows each structural unit in the COA Table to be related to one
or more records in the Structural Type Table. The Structural Correlation Table mediates the many-to-many relation
and contains the two key attributes from the COA Table and the Structural Typecbablielandstruct_typ_id In

addition, the Structural Correlation Table contains the attribatejracy which is used to specify the degree of
accuracy with which the structure has been mapped. It might contain words such as approximate, inferred, or
concealed.

The Structure Type Table contains, in addition to the key attribwtet_typ_id attributes for the type of
structure, a modifier for the type of structure, and a general description of the structure type. The type of structure
attribute,type is used to specify whether the structure is a fault, fold, shear zone, etc. The atwdlolifier, is used
to specify the type of fault or fold, etc. For example, if the structure is a fault, the modifier might be normal, strike-
slip, thrust, etc. If it is a fold, the modifier might be anticline, syncline, doubly-plunging syncline, etc. The attribute,
desg is used for a text description of the structure specified in the record. It might contain a text string such as,
“dextral strike-slip fault”. The Structural Type Table is another of the standard tables that will be provided with the
data model. If it does not contain sufficient records to describe all structures needed, additional records can be added
by individual organizations.

Metamorphic Overlay Units

Metamorphic overlay units are included in the data model to demonstrate the model’s capacity to
incorporate various types of map units. Any type of polygonal unit that overlies a base polygonal unit can be treated
in a similar manner. In the case of the metamorphic overlay units, the overlay represents areas of consistent
metamorphic grade. On a geologic map, these polygonal areas would normally be shown as a pattern which overlays
the solid color polygons of the rock units. Other examples of the use of this type of unit might be to display areas of
alteration or extent of glaciation.

Each metamorphic overlay unit has a unique record in the COA Table where the record is identified as a
metamorphic overlay unit by thewa_typeattribute. There is a one-to-one relation between the Metamorphic Overlay
Table to the COA Table. That is, if there is a metamorphic overlay object identified in the COA Table, it will have
one and only one record in the Metamorphic Overlay Table. The Metamorphic Overlay Table can be used to specify
the grade of the overlay unit as well as other descriptive aspects of the unit. As with several other tables in the
Compound Obiject Archive, the description of the Metamorphic Overlay Table is not complete at this time. It is
hoped that additional attributes will be defined prior to adoption of the data model. The purpose of including the
table at this time is to provide an example of how this type of geologic object could be modeled and to provide a
source of data for testing the model.

Tools

The complex relationships between objects that define a geologic map and the concepts of normalized data
structures, which contribute to minimizing the size of data sets and to increase the speed of access, lead to a data
model with a large humber of tables with complex linkages. The complexity of such data structures is best dealt with
through user interface tools, which make the complexity of the data model transparent to the user. The critical tools
needed are computerized data entry forms, legend preparation forms, standardized query packages, output definition
tools, and data transfer protocols. Some of the required functions of these tools can be achieved by linking to a map
visualization tool such as ArcView. Prototype tools are being developed to investigate the data model and as the
beginning phase of implementation of the data model. These developments will be released on the Web site,
http://ncgmp.usgs.gov/ngmdbproject/ for testing, as they become available.

Descriptions of Individual Tables

This section of the report defines the attributes that are included in each of the data model tables. Each
attribute is named, defined, and assigned a format. The formats used are primarily character and integer. Character
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format attributes are used to store text of any kind. Integer formats are used to store numeric values, primarily
unique, integer identification numbers used to associate tables with each other. Lengths of attribute fields are not
specified as these may vary between implementations. For attributes which make use of restricted word or term lists,
tables of the applicable words or terms are included. These tables are, in general, neither complete nor final.
Comments and improvements are encouraged. Please contact the authors.

Metadata and Related Tables

The three metadata tables, Map Table, Source Table, and Map/Source Correlation Table, include
information that may be part of the requirements for FGDC standard metadata but are not intended to be complete
formal metadata. The information in these tables may be used to link to a database of formal metadata. These tables
are intended to supply reference information for all geologic objects in the archive. In an archive of more than one
map, the attributegyrg_id, map_id source_org andsource_idare carried throughout the archive so that any object
within the archive can always be traced back to its original source.

Map Table

The Map Table (table 2-1) contains reference information for each map that is defined in the archive,
whether it is an original map or a map derived from other maps. The information in this table is used to define the
geographic extent and projection of the map as well as to provide descriptive text for the map layout. The Map Table
can also be used to search the archive for specific maps.

Table 2-1: Definition of the attributes in the Map Table.

Attribute Definition Format
org_id Organization identifier for a map charactef
map_id Individual map identifier character
map_title Title of the map character
map_author List of map authors character
map_date Publication date, if published date
map_desc Short description of map characte
map_resolution | Resolution of digital map, in meters integer
map_projection | Description of map projection characte
map_xmax Eastern limit of map in decimal degrees float
map_xmin Western limit of map in decimal degrees float
map_ymax Northern limit of map in decimal degrees float
map_ymin Southern limit of map in decimal degrees float

Source Table

The Source Table (table 2-2) contains reference information for all maps that are original sources for
geologic objects in the map archive. The two attribiesyce organdsource_id are carried throughout the
archive wherever a geologic object is identified so that each object can be traced back to its original source. The
minimum information which is required in the source table to fully track each geologic object includes a code
representing the source organization and that organization’s identification code for the publication, a full
bibliographic reference to the original geologic map, the scale of the original map, and some indication of the
precision of the analog-to-digital processing. For ease of searching the database, the bibliographic reference
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information should be divided into several attributes. The author list, the year of publication, and the scale of the
original should be placed in separate attributes. The remainder of the reference can be split into a title attribute and a
publication attribute, or it can be left in a single attribute. Additional attributes could be added to contain information
such as the projection of the original map, if needed. If formal metadata is available, this table could also be used as
a link to the metadata database.

Table 2-2: Definition of the attributes in the Source Table.

Attribute Definition Format
source_org Identifier for the organization that created the map. charaqter
source_id Source organization’s identification of the source map charadter
source_author List of source map authors charactgr
source_date Year of source map publication or creation date
source_title Title of source map character
source_ref Remainder of source reference citation (after title) charaqer
source_scale Scale of source map (denominator of scale fraction) integef
source_resolution | Resolution of digital source map, in meters integer

Map/Source Correlation Table

The Map/Source Correlation Table (table 2-3) serves to connect the Map Table to the Source Table.
Because multiple derivative maps can be created from the same source maps and multiple sources can be used to
create a derivative map, the Map Table and Source Table must have a many-to-many relation. The Map/Source
Correlation Table is used to convert that relation to two one-to-many relations. It is also used to define a precedence
for selection of source materials where the source maps overlap in geographic coverage.

Table 2-3: Definition of the attributes in the Map/Source Correlation Table.

Attribute Definition Format

org_id Organization identifier for a map Charactef
map_id Individual map identifier Character
source_org | ldentifier for the organization that created a source map. Charafter
source_id Source organization’s identification of a source map Charaqgter
precedence | Precedence of geologic entities where two source maps overlap geographically Integer

Classification Scheme Table

The Classification Scheme Table (table 2-4) provides the correlation between the Map Table and the
legend’s Classification Object Table. It allows the user to define a classification scheme (a set of classification
objects) and save it for further use, making it easier to create multiple maps using the same classification scheme. In
addition, the Classification Scheme Table includes a classification sequence number and a display priority.
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Table 2-4: Definition of the attributes in the Classification Scheme Table.

05/19/98

Attribute Definition Format
org_id Organization identifier for a map Charactg
map_id Individual map identifier Character
class_obj_id A unique identifier for each category of objects described and symbolized linteger
the map legend. It is the link to the Classification Object Table
class_scheme_id Identification number; unique to a classification scheme; used to link a | Integer
classification scheme with its name and source
class_seq A number defining the sequential position of the object in the legend, withimteger
its classification type (see Classification Object Table)
disp_priority A priority number which allows the user to specify the order in which objedisteger

are drawn when the map is displayed

Classification Name Table

The Classification Name Table (table 2-5) is used for naming classification schemes and tying them back to
an original source. This table also allows the user to recall classification schemes by hame or by their original source.

Table 2-5: Definition of the attributes in the Classification Name Table.

Attribute

Definition

Format

class_scheme _id

class_name

source_org

source_id

Identification number; unique to a classification scheme; used to link a
classification scheme with its name and source

Descriptive name for the classification scheme

Identifier for the organization that created the map for which the
classification scheme is used

Source organization’s identification of the source map

Integer

Charag

Character

Charag

fer

ter

Legend and Related Tables

The legend portion of the data model is used to record objects to be included on a particular map, to record
the descriptions of those objects for the purposes of that map, to specify how the selected objects are to be
symbolized for a particular map, and to link the spatial descriptions of objects in the Spatial Object Archive to
attribute descriptions in the Compound Object Archive.

Classification Object Table

The Classification Object Table (table 2-6) is used to define the objects that are to appear on a map and
therefore, on the map legend. This table also defines the sequence of objects on the map legend, the labeling that is
used for each object, and the display priority for each classification of the object. The Classification Object Table
can be used to define individual objects such as named faults or other features, it can be used to define classes of
singular objects which all use the same symbolization such as all normal faults or all foliation symbols, and it can be
used to define compound objects such as rock units or alteration zones. The table also defines the labeling that is
used for each object and the object’s type. The attritlats_typés used to group similar objects on a map legend,
for example all intrusive rock units or all structural symbols.
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Table 2-6: Definition of the attributes in the Classification Object Table.

Attribute Definition Format

class_obj_id [ A unique identifier for each object or category of objects described and Integer
symbolized in a map legend

class_type Categories of objects in the legend. Used to group objects within the map | Character
legend. On paper maps these terms are the headings for various sections of the
legend

class_label The character symbol for the object. For a rock unit, this would be the unit |[aB&kracter
such as TKgr

class_desc An English language description of the object or group of objects. For object€baracter
groups of objects which are not defined in the Compound Object Archive, this is
the descriptive text which would appear on a map legend

The following table (table 2-7) contains examples of terms that might be entered iclasthaype
attribute. This list is not intended to be comprehensive, but to serve as an example only.

Table 2-7: Examples of words that could be used focldmss_typeattibute in the Classification Object Table.

class_type

sedimentary
intrusive

extrusive

volcanic
metamorphic
structural symbols
Proterozoic Rocks

Upper Plate Rocks

Cartographic Object Table

The Cartographic Object Table (table 2-8) symbolizes map objects that are defined in the Classification
Object Table. Each object in the Classification Object Table can be represented by one or more records in the
Cartographic Object Table, allowing the symbolization of each feature on the resulting map to be composed of
multiple layers. Each of these layers is defined by pointing to a symbol table and a specific symbol within the table
and by pointing to a color table and a specific color within the table. The type of symbol to be used is determined by
which symbol table is referenced. Point symbols are defined in standardized Point Symbol Tables, line patterns in
Line Symbol Tables, etc. There can be multiple standard tables for each type of symbol, if necessary. Thus, point
symbols for a single map could be drawn from several Point Symbol Tables. Each record in this table includes a
brief description of the symbol, the name of a symbol table where the definition of the symbol is to be found, the
symbol number to use within that table, the name of a color table where a color definition can be found, and the color
number to be used within that table. If the definition of a symbol within a symbol table includes a color definition,
then thecart_color_tableandcart_colorattributes can be left blank to use the defined color or they can be specified
to override the defined color with a different color.
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Table 2-8: Definition of the attributes in the Cartographic Object Table.

Attribute Definition Format
class_obj_id A unique identifier for each object or category of objects described and Integer
symbolized in the map legend
cart_desc Description of the pattern Characte
cart_sym_table Name of a symbol table Characte
cart_sym The symbol number from the table specified¢amt_sym_table Integer
cart_color_table | Name of the color table Characte
cart_color The color number from the table specifieccart_color_table Integer

Area Symbol Table

The Area Symbol Table (table 2-9) is a compilation of definitions of polygon fill patterns. There is one
pattern defined by each record in the table. Multiple Area Symbol Tables can be used within a single map.

Table 2-9: Definition of the attributes in the Area Symbol Table.

Attribute Definition Format
cart_sym The number of a specific fill pattern Integer
desc Description of the symbol and suggested uses Charactgr
Etc. Additional attributes needed to actually define the symbol. These might be

specific to the implementation system, but are optional in the data model.

Line Symbol Table

The Line Symbol Table (Table 2-10) is a compilation of definitions of line patterns. There is one pattern
defined by each record in the table. Multiple Line Symbol Tables can be used within a single map.

Table 2-10: Definition of the attributes in the Line Symbol Table.

Attribute Definition Format
cart_sym The unique number for a specific symbol Integer
desc Description of the symbol and suggested uses Charactef
Etc. Additional attributes needed to actually define the symbol. These might be

specific to the implementation system, but are optional within the data modgel.

Point Symbol Table

The Point Symbol Table (table 2-11) is a compilation of point symbol definitions. There is one pattern
defined by each record in the table. Multiple Point Symbol Tables can be used within a single map. These tables will
include generic symbols such as circles, triangles, etc. as well as specific geologic symbols such as structural
symbols.
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Table 2-11: Definition of the attributes in the Point Symbol Table.

Attribute Definition Format
cart_sym The unique number for a specific symbol Integer
desc Description of the symbol and suggested uses. Characte]
Etc. Additional attributes needed to actually define the symbol. These might be

specific to the implementation system, but are optional within the data model.

Color Table

The Color Table (table 2-12) is a compilation of definitions of symbol colors. There is one display color
defined by each record in the table. Multiple Color Tables can be used within a single map.

Table 2-12: Definition of the attributes in the Color Table.

Attribute Definition Format

cart_color The unique number for a specific color Integer

CMYK Definition of color in cyan-magenta-yellow-black coordinates Characger

RGB Definition of color in red-green-blue coordinates Character

Etc. Additional attributes needed to define the color. These might be specific to tihe
implementation system. But are optional within the data model.

Data Classification Table

The Data Classification Table (table 2-13) is a correlation table that joins the Classification Object Table to
the Compound Object Archive (COA Table). Because there is a many-to-many relationship between the
Classification Object Table and the COA Table, an intermediate table is required to correlate the entries in one table
to the entries in the other. For example, a single entry in the Classification Object Table (map legend), such as a rock
unit, may refer to more than one unit in the COA Table. This would be the case where a single rock unit on the
current map is defined as including several units from the archive. Similarly, a single unit record in the COA Table
may be included in more than one Classification Object. For example, a single fault may be represented on more than
one map. In addition to its correlation function, which is handled by the two key attridasss,obj _idandcoa_id
this table has two additional functions: sequencing multiple units within a Classification Object and indicating the
relative abundance of multiple units. If a map legend item (Classification Object) includes more than one object from
the COA Table, the sequence in which those units appear in the legend description may be defined using the
data_sedpttribute. In addition, the relative volume importance of those units may be definecbleydietand
quality attributes. Theercentattribute is used to specify the volume percent of the combined legend item that is
represented by each individual unit making up the item anguliy attribute is used to specify the quality of the
volume estimate. Thgercentandquality attributes are discussed more fully in the COA Tables from which they are
derived.
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Table 2-13: Definition of the attributes in the Data Classification Table.

Attribute Definition Format

class_obj_id [ A unique identifier for each object or category of objects described and Integer
symbolized in the map legend

coa_id Unit identifier which is the key attribute of the COA Table Integer

percent Estimated volume percent an individual unit in the Compound Object Archiydnteger
comprises of the entire Classification Object

quality Quality of the volume percent estimate (entered-am1 %) Character

data_seq Specifies the order in which individual units in the Compound Object Archielnteger

should appear in the map legend

Spatial Object Archive and Related Tables

The Spatial Object Archive is the storage location for the spatial description of all objects within the map
library. All information concerning the shape, size, location, etc. of each map feature (spatial object) is stored in this
archive. The archive is intended to be implemented in a Geographic Information System (GIS). Individual tables in
the archive are linked through the GIS to the spatial descriptions of the individual features. A spatial object is any
geometric object (e.g. polygon, line, or point, etc.) that is defined, and stored in the GIS. The spatial objects are
stored in individual data layers, or coverages, within the GIS. Most digital maps will require several coverages for
complete storage of all map objects. Each map object in a single coverage is assignedspatiadjusbj_id
attribute. The combination of ttepatial_obj_idandthe coverage identifier, which is stored in dower_idattribute,
are sufficient to uniquely identify any individual map object within the archive.

Geology Polygons Table: An Example GIS Polygon Coverage

A polygon type GIS coverage is hormally used to store the geographic coordinates and topologic definitions
which make up the spatial description of rock units and other areal data. The spatial data stored in the GIS is linked
to the rest of the data model through a polygon feature attribute table (table 2-14). The combination of
spatial_obj_idandcover_idprovide a unique identifier for each polygonal object in the geology polygons coverage,
while the attributessource_organdsource_id provide a link back to the original source for every polygonal map
object.

Table 2-14: Definition of the attributes in the Geology Polygons Table.

Attribute Definition Format

spatial_obj_id | A unique identifier of each object in an individual data layer, or coverage. Integer

cover_id Coverage identification number Integer
source_org Identifier for the organization that created the source map. Chargcter
source_id Source organization’s identification of the source map Charafter

Geology Lines: An Example GIS Line Coverage

A line type GIS coverage is normally used to store the geographic coordinates and topologic definitions that
make up the spatial description of linear geologic features such as faults, contacts, folds, linear rock units, etc. The
spatial data stored in the GIS is linked to the rest of the data model through a line (or arc) feature attribute table
(table 2-15). The combination spatial_obj_idandcover_idprovide a unique identifier for each linear object in the
geology lines coverage, while the attributasjrce_organdsource_id provide a link back to the original source for
every map object.
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Table 2-15: Definition of the attributes in the Geology Lines Table.

Attribute Definition Format
spatial_obj_id | A unigue identifier of each object in an individual data layer, or covergdge Integgr
cover_id Coverage identification number Integer
source_org Identifier for the organization that created the source map. Charafcter
source_id Source organization’s identification of the source map Charagter

Miscellaneous Lines: An Example GIS Line Coverage

A line type GIS coverage is normally used to store the geographic coordinates and topologic definitions
which make up the spatial description of non-geologic linear features such as area outlines, shorelines, political
boundaries, etc. The spatial data stored in the GIS is linked to the rest of the data model through a line (or arc)
feature attribute table (table 2-16). The combinatiospattial_obj_idandcover_idprovide a unique identifier for
each linear object in the miscellaneous lines coverage, while the attrémutese _organdsource_id provide a link
back to the original source for every map object.

Table 2-16: Definition of the attributes in the Miscellaneous Lines Table.

Attribute Definition Format
spatial_obj_id | A unique identifier of each object in an individual data layer, or coverage Integgr
cover_id Coverage identification number Integer
source_org Identifier for the organization that created the source map. Charafcter
source_id Source organization’s identification of the source map Charagter

Points: An Example GIS Point Coverage

A point type GIS coverage is normally used to store the geographic coordinates and topologic definitions
which make up the spatial description of single point locations such as sample descriptions, structural measurements,
fossil locations, mineral locations, etc. The spatial data stored in the GIS is linked to the rest of the data model
through a point feature attribute table (table 2-17). The combinatspatitl_obj_idandcover_idprovide a unique
identifier for each point object in the points coverage, while the attritsdes;e_organdsource_id provide a link
back to the original source for every map object.

Table 2-17: Definition of the attributes in the Points Table.

Attribute Definition Format
spatial_obj_id | A unigue identifier of each object in an individual data layer, or coverape Integgr
cover_id Coverage identification number Integer
source_org Identifier for the organization that created the source map. Charafcter
source_id Source organization’s identification of the source map Charagter

Spatial Classification Table

The Spatial Classification Table (table 2-18) is a correlation table that joins the GIS tables of the Spatial
Object Archive to the Classification Object Table of the map legend. Because there is a many-to-many relationship

between the GIS tables and the Classification Object Table, an intermediate table is required to correlate the entries
in one table to the entries in the other. A single entry in the Classification Object Table, such as a rock unit, will
normally refer to many features (polygons, lines, and/or points) in the GIS Tables. Similarly, a single feature in a
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GIS Table may be included in more than one Classification Object within a single map or within multiple maps. For
example, a single fault segment (one line or arc in the GIS) may have more than one sense of motion and therefore,
be represented on the map legend (Classification Object) by more than one symbol. Therefore, the Spatial
Classification Table is needed as a means of correlating the many-to-many relationship.

Table 2-18: Definition of the attributes in the Spatial Classification Table.

Attribute Definition Format
spatial_obj_id | A unigue identifier for each object in an individual data layer, or coverage Integer
cover_id Coverage identification number Integer

class_obj_id A unique identifier for each object or category of objects described and| Integer
symbolized in the map legend

Singular Object Archive Tables

The Singular Object Archive is composed of several tables that are used to store descriptive information
related to individual spatial objects. Although only five tables are described below, the archive could include many
more tables. Those described here are intended as examples only. All tables in the archive include the attributes,
spatial_obj_idandcover_id which are used to specify the particular spatial object to which each record in the
archive table refers. Each record in each table in the archive may only refer to a single spatial object, hence the
name, Singular Object Archive. In addition, each record in most of the tables in the archive contains¢herg
andsource_idattributes to tie the archive information back to an original source. The Spatial Object Age Table
differs slightly from the others in that it refers to a table in the Compound Object Archive that includes source
reference attributes.

Spatial Object Name Table

The Spatial Object Name Table (table 2-19) is used to apply names (or any other text) to a single map
object. For example, there may be a number of polygons on a map that are classified as a particular intrusive unit.
That classification and labeling of those polygons would be done through the Spatial Classification and
Classification Object Tables. If, however, there is a single polygon on the map which represents a named pluton
within the intrusive unit, that polygon name would be entered into the Spatial Object Name Table so that the name
could be applied to a single feature instead of to an entire class of features.

Table 2-19: Definition of the attributes in the Spatial Object Name Table.

Attribute Definition Format

spatial_obj_id | A unique identifier of each object in an individual data layer, or coverage Integer

cover_id Coverage identification number Integer

name Name given to an individual point, line, or polygon. For example the name pfGharacter
pluton or a fault

source_org Identifier for the organization that created the source map. Charjcter

source_id Source organization’s identification of the source map Charafter

Spatial Object Composition Table

The Spatial Object Composition Table (table 2-20) is used to define the composition breakdown of
individual map objects, where it is known. For example, a rock unit legend object may be defined to include several
units from the Compound Object Archive. At most locations in a map area, the mix of these units within the
individual polygons may not be known. However, there may be a single polygon within the map where the mix is
known (perhaps only a single unit of the mix is present in this area). Then, the Spatial Object Composition Table can
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be used to define the composition of that single map object. If the polygon is composed of several units, the relative
abundance of each unit can be defined by#reentandquality attributes. Thg@ercentattribute is used to specify

the volume percent of the spatial object that is represented by each individual unit making up the object and the
quality attribute is used to specify the quality of the volume estimate. Similarly, the Spatial Composition Table can
be used to specify the mix of rock unit compositions (see Rock Composition Table, below) that compose a single
polygon on the map. If the rock unit represented by an individual polygon is composed of several rock types within
the definition stored in the Compound Object Archive, the specific composition of a polygon can be specified with
this table by entering the sammea_idin each record, but entering a differentmp_sedor each composition which
exists within the polygon. Theercentandquality attributes are used as described above. IEdhep_seattribute is

zero, the assumption is that the entire rock unit is intended.

Table 2-20: Definition of the attributes in the Spatial Object Composition Table.

Attribute Definition Form
spatial_obj_id | A unique identifier of a single object in an individual data layer, or coverage Integr
cover_id Coverage identification number Integer
coa_id Identification number of a unit in the Compound Object Archive (see COA| Integer

Table)
comp_seq Identification number of a single composition description within a rock unit|(seteger

Rock Composition Table) or zero to indicate entire unit
percent Estimate volume percent of single map object that this composition compr|ses Integer
quality Quality of the volume percent estimate (entered-am1 %) Character
source_org Identifier for the organization that created the map. Charafter
source_id Source organization’s Identification of the source map Charal:ter

Spatial Object Age Table
The Spatial Object Age Table (table 2-21) is used to attach radiometric ages to individual spatial objects.

Although many uses could be made of this table, its primary purpose is to relate radiometric age information which is

stored in the Compound Object Archive (Radiometric Age Table, figure 2-9) to objects such as individual plutons
which are represented by a single polygon or individual structures which are represented by a single line segment.
The attributescoa_idandrad_seq are used to identify an individual radiometric age record in the Radiometric Age
Table (table 2-39).

Table 2-21: Definition of the attributes in the Spatial Object Age Table.

Attribute Definition Format

spatial_obj_id | A unique identifier of each object in an individual data layer, or coverage Integ

cover_id Coverage identification number Integer

coa_id Identification number of a unit in the Compound Object Archive (see COA | Integer
Table)

rad_seq Record identifier for a specific age determination within the Radiometric Adelnteger

Table for the unit identified by thepa_id.

Structural Detail Table

The Structure Detail Table (table 2-22) represents an example of a table for storing information generally
depicted on a map as point objects. There are many types of data that can be associated with point locations, of
which structural information is, perhaps, the most common. The minimum information that should be stored with
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each structural measurement location is the information that would be required to re-create the symbol that appears at
that location on a published map. For single structural symbols, the minimum information includes an indication of
what type of structure is represented on the map (strike & dip, foliation, overturned bed, joint attitude, etc.), a
rotation angle (to indicate strike or bearing direction), and an additional dip (or plunge) angle. From this information,
the appropriate symbol can be selected for plotting, it can be rotated to align with the strike direction if appropriate,
and a dip angle can be posted next to the symbol. These items are stored in the example in the following attributes:
stype strike_az anddip_plunge respectively. For maximum utility across organizations, the meaning of the values

in strike_azshould be standardized. A common standard, for example, is for all values to represent the strike or
bearing angle as a true azimuth between 0 and 359°. If a planar feature is being described, the strike angle is
measured such that the feature dips to the right as one looks along the strike azimuth. In addition, thaattébute,

is included for cases where there is an outcrop hame (or number) which should be associated with the information.
Because the link with the Spatial Object Archive is a one-to-many relation, multiple structural detail records can be
associated with each point location.

Many organizations are in the process of automating their field methods so that their field geologists are
able to capture information in a digital format in the field. This information is then transferred to a master field
database. In this case, instead of storing the specifics of each location in the data model, a Field Detail Table takes
the place of the Structural Detail Table shown here. The Field Detail Table then acts as a correlation table which
links a master field database to the geologic map data model.

Table 2-22: Definition of the attributes in the Structural Detail Table.

Attribute Definition Form

struct_id A unique identifier for a record in the Structural Detail Table Integet
spatial_obj_id | A unique identifier of a single point location in a point data layer, or coverage Integer
cover_id Coverage identification number Integer
name The field location number or name of the sample site. Charafter
stype The type of structural measurement. Characfer
strike_az The azimuth direction of the strike or bearing of the structural measuremept Integer
dip_plunge The dip or plunge angle of the structural measurement. IntegIr
source_org Identifier for the organization that created the source map. Character
source_id Source organization’s identification of the source map Charagter

Fossil Detail Table

The Fossil Detail Table (table 2-23) is another example of the type of table that could be built into the
archive to store non-structural information collected from a single site. For each point feature in the GIS there may
be one or more entries in this table representing the information gathered at a single field location, in this case
information about a fossil locality. Each entry may hamame(field location number or other text)|abel if the
text to label the map is different than the namegmetc. The symbol that is used for an entire class of locations,
such as all fossil localities, is defined in the map legend (Classification Object Table). However, if the defined
symbol requires additional text, the additional text for each location is stored in this table. In the simplest case, this
table may be a real table in the database that contains the appropriate information for each map. Alternatively, this
table may be a correlation table that links the map archive to an external database of fossil information. Similar
tables could be built for many additional types of topical data. In fact, the entire Singular Object Archive could be an
external database with only the linking correlation tables stored with the rest of the geologic map data.
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Table 2-23: Definition of the attributes in the Fossil Detail Table.

Attribute Definition Form

fossil_id A unique identifier for a single record in the Fossil Data Table Intege
spatial_obj_id | A unique identifier of a single point location in a point data layer, or coverage Integgr
cover_id Coverage identification number Integer

name The field location number or name of the sample site Charagter
label A label to associate with the map symbol, if it is different than the name Chargcter
age The age of the fossil locality Characte
source_org Identifier for the organization that created the source map Charafcter
source_id Source organization’s identification of the source map Charagter
Etc. Additional attributes as needed

Compound Object Archive and Related Tables

The Compound Object Archive is composed of a number of data tables and look-up tables that are used to
define Compound Geologic Objects. The heart of the archive is the COA Table, which links the legend, and thus the
rest of the data model, to the various types of compound geologic objects that can be described and defined within
the archive. The Compound Object Archive stores the definitions of all objects that are related to multiple spatial
entities (points, lines, or polygons). The archive can be used to define many different types of geologic objects, of
which only three will be described here. These three have been selected because each represents a common and
different class of geologic object. The first to be defined, Rock Units, represents the most common use of the
archive, which is to define various types of map units based on rock features (lithology, age, stratigraphic position,
mineralogy, etc.) Any type of unit, which forms a polygonal base for a geologic map, would be treated in a fashion
similar to Rock Units. Structural Features will also be described because they form the second most common type of
geologic object and because they represent a class of generally linear geologic objects. Any other linear geologic
object would be treated in a manner similar to Structural Features. Finally, Metamorphic Overlay Units will be
described, not because they are particularly common in geologic maps, but because they represent a unique class of
geologic objects—polygonal objects that overlay a polygonal geologic map base. These units are an example of any
unit type that overlies the base Rock Units and are thus, in a sense, transparent to this base. Note that these polygons
do not represent metamorphic rock units; they represent metamorphism that crosscuts the underlying rock units.
Other examples of this class of units would be alteration overlays or glacial extent overlays. The diagrams of the
Compound Object Archive show a table for Additional COA Types (figure 2-8), which is included to indicate
additional types of objects, such as geomorphologic or soil objects. These additional types of objects are distinct
from additional attributes, such as engineering properties of rock units, which would attach to the Rock Unit Table.

Compound Object Archive (COA) Table

The COA Table (table 2-24) is the central table used to describe Compound Objects. The primary use of the
COA Table is to specify which type of unit is being described and, therefore, which additional tables should be
consulted for the remainder of the description of the unit.cbhaetypeattribute specifies which type of object is
being defined and theoa_idattribute is used as a unique identifier for each unit within the archive. There is also an
attribute,coa_namdor the name of the unit and provision for a text description of the objeat desattribute)
which would normally contain the text that would be used in the map legend to describe this unit. Finally, the COA
Table contains attributes for linking each object in the archive back to its original source.
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Table 2-24: Definition of the attributes in the COA Table.
Attribute Definition Format
coa_id Unique identification number of a unit in the Compound Object Archive Intege
coa_name | The name of the unit in the Compound Object Archive Charaqgter
coa_type The name of the table containing the remaining descriptive information about @iearacter
unit

coa_desc A text description of the object Charactef
source_org | Identifier for the organization that created the source map Charafter
source_id Source organization’s identification of the source map Charadter

The following table (table 2-25) contains a list of words that can currently be usedtoathgpefield.
This list can be expanded as additional data types are incorporated in the Compound Object Archive.
Table 2-25: Word list for the coa_type attribute in the COA Table.
coa_type Definition
Structural Descriptive information about structural features, such as contacts, faults, apd

folds

Rock Descriptive information about rock units, such as composition and age.
Metamorphic Overlay Descriptive information about metamorphic overlay units, such as overprintgd,

cross-cutting metamorphism.

Formal Unit Table

The Formal Unit Table (table 2-26) is used to store information about the formal definition of a unit. Its
most common use will be for formal definitions of rock units, but it could be used for any type of unit within the
archive. It may include formal names, references to type sections or areas, etc. The formal unit data may be included
within this table in the map archive, or this table may be used as a correlation table to link to a national database of
formal stratigraphic units. Therefore, this table could represent an independent database that is linked with the
coa_idattribute.

Table 2-26: Definition of the attributes in the Formal Unit Table.

Attribute Definition Format
coa_id Unique identification number of a unit in the Compound Object Archive Intege
name Formal name of the map unit Charactgr
type_section | Location of a defining type section or area Character

Etc.

Additional attributes may be defined

COA Relation Table

The COA Relation Table (table 2-27) is used to store information about the relationships between objects
that occur in the COA Table. Some examples of relationships as they are displayed on geologic maps are shown in
figure 2-11. Relationships are primarily temporal and structuralc®aeidattribute refers to a unit defined in the
COA Table. Theel_coa_idattribute refers to a second unit defined in the COA Table. The direction of the relation
is from the unit represented by thea_idto the unit represented by thed _coa_id Therefore, the relation,
“overlies”, means that theoa_idunit overlies theel_coa_idunit. The purpose of defining relationships in this table
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is to allow automated analysis of the various kinds of relationships between defined units. The relationship can take
many forms. It can be an age relationship such that one object is known to be older than, younger than, or
contemporaneous with another. This kind of information is often known even if the actual ages of the two objects are
not known sufficiently to be able to determine their age relationship from other data. For example, two rock units

may only be known to be Cretaceous and therefore appear to be the same age if one only considers the age attributes.
But, if one is known to overlay the other, that age relationship can be recorded in this table. The relationship may be
of one object containing another as a group may contain a formation (see also the COA Tree Table). The relationship
may be one of correlation or equivalence where an object from one area is known to correlate with or be equivalent
to an object in another area. Relationships need not be confined to lithostratigraphic units; structural and other types
of objects may also have age, correlation, and other relationships. Sometime these relationships are described in
words in a report; but they are often described with diagrams such as shown in figure 2-11. Relationships, which can
be defined between two objects, are stored in this table using keywordsetatton attribute and, if desired, a text
description of the relationship in thel_descattribute. An initial list of relationship keywords (table 2-28) is

included with the data model, but the list is intended to be expanded by mutual consent as new uses for the table are
discovered.

= W

A: Sedimentary facies B: Correlation

®,

C: Metamorphic facies D: Faulting and
intrusion

Figure 2-11: Examples of diagrams used on geologic maps to describe relationships between map objects.
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Table 2-27: Definition of the attributes in the COA Relation Table.

Attribute Definition Format
rel_id Unique identification number for a record in this table Integer
coa_id Unique identification number of a unit in the Compound Object Archive Intege

rel_coa_id | Unique identification number of a second unit in the COA Table to which the fitateger
object is related in some fashion

relation A broad category of temporal and structural relationships between units. Thig Character
information may allow for refinement of age relationships

rel_desc Text description of the relationship Charactgr

The following table (table 2-28) contains an initial word list forréation attribute of the COA Relation
Table. This list is not complete. In developing this list, it seems most appropriate that the list include verbs or
prepositions. Thus ‘correlates’ is suggested instead of ‘facies’. This usage allows for rough construction of sentences,
which may be useful in the automation of descriptions of objects. Note that other aspects of the relationships between
specific occurrences of objects is also stored in the COA Tree Table, the Structural Type Table, and in various rock
unit tables.

Table 2-28: Example word list for the relation attribute in the COA Relation Table.

Relation Definition

contains A relationship in which coa_id contains rel_coa_id

contemporaneous | Formed or existing at the same time (Jackson, 1997).

correlates To show correspondence in character and stratigraphic position between such geglogic
phenomena as formations or fossil faunas of two or more separate areas (Jacksor], 1997).

equivalent Corresponding in geologic age or stratigraphic position; esp. said of strata or form'E]tions
that are contemporaneous in time of formation or deposition or that contain the safne
fossil forms (Jackson, 1997)

intrudes An intrusive rock relationship in which coa_id intrudes rel_coa _id

overlies A lithostratigraphic relationship in which coa_id is stratigraphically younger than
rel_coa_id

above A structural relationship in which coa_id is above rel_coa_id because of a structurhl

process, such as faulting

COA Tree Table

The COA Tree Table (table 2-29) is used to store information about parent-child relationships between
units that occur in the COA Table. Tbea_idattribute refers to an object in the COA Table. pagent_idattribute
refers to theoa_idof a second object in the COA Table, which is a parent of the first object. The purpose of
defining the relationships in this table is to allow automated simplification of geologic maps. For example,
formations in a map area may be defined as parts of a group and the group may be further defined as a part of a
supergroup. Then, in this table there would be two records for the formation, one showing the group as a parent and
the other showing the supergroup as a parent. There would also be a record for the group showing the supergroup as
its parent. With this data in the archive, simplifying the map to the group or supergroup level becomes a simple table
look-up operation. Another purpose of this table is to permit queries into the archive that would return data
belonging to any unit or linear feature, including references to its subdivisions. Thus, a search for a specific group
could return also its composing formations, members, beds, etc. A search for a specific linear feature such as the San
Andreas Fault could return it and all its separately described segments.
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Table 2-29: Definition of the attributes in the COA Tree Table.

Attribute Definition Format

coa_id Unique identification number of a unit in the Compound Object Archive Integer

parent_id | Unique identification number of a second unit in the COA Table which is the pargiiteger
of the unit identified in coa_id

Rock Units and Related Tables

These tables store information about the composition, rank, and age of rock units. For purposes of the
model, rock unit is defined as any mapped unit which may occur on a geologic map, including all types of rock units,
whether layered or not, unconsolidated sediment units, water and ice features where underlying geology is not
mapped, etc.

Rock Unit Table

The Rock Unit Table (table 2-30) is central to organization of the description of rock map units. The table
is used to assign a rank to each unit and as a correlation table between the COA Table and descriptive records in the
Age and Composition Tables. Theck_rankattribute contains a keyword that defines the rank or lithostratigraphic
level of each defined unit. The keyword list will contain words such as, supergroup, group, formation, member, bed,
etc.

Table 2-30: Definition of the attributes in the Rock Unit Table.

Attribute Definition Format
coa_id Unique identification number of a unit in the Compound Object Archive Intege
rock_rank A keyword defining the lithostratigraphic level or rank of the defined unijt Charagter

The following table (table 2-31) is an initial word list for teek_rankattribute of the Rock Unit Table.
This list is incomplete and intended as an example to amplify the definition and intended usage.
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Table 2-31: Example word list for tlmeck_rankattribute in the Rock Unit Table.

stic

t not

fined
rocks

rock _rank Definition (Jackson, 1997)

supergroup | A formal assemblage of related or superposed groups, or of groups of formations

group The formal lithostratigraphic unit next in rank above formation. The term is applied most commonly
to a sequence of two or more contiguous or associated formations with significant and diagng
lithologic features in common

formation A body of rock identified by lithic characteristics and stratigraphic position; it is prevailingly bu
necessarily tabular, and is mapable at the Earth’s surface or traceable in the subsurface

member A formal lithostratigraphic unit next in rank below a formation, comprising some specially
developed part of a formation

bed A layer of sediments or sedimentary rocks bounded above and below by more-or-less well dqg
bedding surfaces. A bed (or beds) is the smallest formal lithostratigraphic unit of sedimentary

tongue A projecting part of a lithostratigraphic unit extending beyond its main body

suite An association of apparently comagmatic igneous rock bodies of similar or related lithologies

close association in time, space, and origin

and

Rock Unit Rank Table

The Rock Unit Rank Table (table 2-32) is used as a look-up table to correlate the rank, given in the Rock
Unit Table as a word, with a numeric level number. Each rank term will be assigned a number in this table to
improve the ease of searching, sorting and simplifying the database based on lithostratigraphic rank.

Table 2-32: Definition of the attributes in the Rock Unit Rank Table.

Attribute Definition Format
rock_rank A keyword defining the lithostratigraphic level or rank of the defined unjt Charagter
rock_level A number indicating the rank. Number

The following table (table 2-33) contains an initial list of values for the attritnatels, rankand
rock level in the Rock Unit Rank Table.

Table 2-33: Examples of theck rankandrock_levelvalues for the Rock Unit Rank Table.

rock_rank rock_level
top 0
supergroup | 100
group 200
formation 300

suite 300
member 400

bed 500
tongue 500
sub-bed 600
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Rock Composition Table

The Rock Composition Table (table 2-34) is used to define a single composition within a rock unit. Each
rock unit may be composed of one or more compositions, or lithologies. Each composition is represented in this
table by a single record. The attributesneralogy color, texture andalterationare text fields used to describe the
details of the composition represented by the record. The attriimgtesnameandlith_classare used to describe
the major lithology of this compositioRock_namés a free text field in which the author of the original map can
use whatever termino